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THE TYPES AND ESTIMATED AMOUNTS OF FISH NET
DEPLOYED IN THE NORTH PACIFIC

Richard N. Uchida
Southwest Fisheries Center Honolulu Laboratory
National Marine Fisheries Service, NOAA
Honolulu, Hawaii 96812

ABSTRACT

This report reviews the major net fisheries of the North
Pacific and provides crude estimates of the amount of net gear
available to the various coastal and high seas fisheries. Speci-
fications of gill nets, purse seines, trawls, set nets, haul
seines, and lift nets, when available, are provided, together with
the number of units of nets and vessels operating in the fish-
eries. First-cut estimates indicate that there are about 170,000
km of gill net, 2,000 km of purse seine, 5,500 km of trawl net,

and 8,900 km of miscellaneous net gear available to the various
North Pacific net fisheries.

INTRODUCTION

The modern fishing industry has developed primarily as a result of three
technological revolutions~-mechanization, echo sounding, and development of -
synthetic fibers (Kristjonssom 1959).

The advent of synthetic fibers brought about a major revolution in the
fishing industry. Nylon, the first of the synthetic fibers to be devel-
oped, had wide applications in fishing nets. Made from polyhexamethylene
adipamide, nylon, and other amides such as perlon and rilsan all possessed

excellent characteristics for constructing the ideal fish net (Arzamo 1959;
Lonsdale 1959).

Nets made from nylon and all other synthetic fibers, eventually lose
strength in use; however, they do not rot. It is this nondegradable quality
that makes nylon nets so highly attractive to the fishing industry as well
as a menace when they become a component of the marine debris.

This report reviews the major net fisheries of the North Pacific (Fig.
1) and makes an attempt at providing some measure of the amount of netting
used in coastal and high seas fisheries. It is by no means an exhaustive
review and excludes many of the minor net fisheries operating along coastal
areas of North Pacific rim countries. Reviews of the net fisheries are
gear-oriented; however, because there are many areas of overlap in gear
types for any given species, the net gear that contributes most heavily to

In R. S. Shomura and H. 0. Yoshida (editors), Proceedings of the Workshop on the Fate and Impact
of Marine Debris, 26-29 November 1984, Honolulu, Hawaii. U.S. Dep. Commer., NOAA Tech. Memo.
NMFS, NOAA-TM-NMFS-SWFC-54. 1985,
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harvesting the species will be the one emphasized. When available, the
gear specifications, as well as the number of vessels operating, and the
number of units fished per vessel are provided. Scientific names of

species mentioned in this report are glven in tables either in the text or
appendix,

Although this report describes "typical™ gear, it should be obvious to
the reader that fishing gear, like fishing methods, are different through-
out the world. Differences in the gear used, even for catching the same
species and.in the same flsherles, exist because fishermen tend to adapt or
‘modify gear based on their experience, knowledge of the fish's habitat and
behavior patterns, and cultural practices.

NET CHARACTERISTICS

Netting, which is basically constructed of yarns or threads to form
meshes, can be fabricated by machine or by hand in any size desirable, in
whatever type and size of twine, and can be either knotted or knotless.

Before synthetic fibers came into general use, most twine used to
fabricate webbing came from natural fibers such as cotton, linen, hemp,
manila, and sisal. Synthetic fibers first appeared in Japanese gill nets
and in portions of surrounding nets in 1949 with the introduction of nylon
webbing. In 1951, vinylon (polyvinyl alcohol) was used in surround nets
and later vinylidene was used in large set nets (Japan Chemical Fibres
Association (JCFA) 1971). The production of synthetic fiber fishing nets
increased annually, and by 1956 it surpassed production of nets made of
natural fibers. By 1957, synthetic fiber nets accounted for 702 of the
production, and by 1964, 1002 of all netting material made in Japan.

Additional synthetic fibers such as vinyl chloride, polyethylene,
polyester, and polypropylene were introduced subsequently for fishing nets
that required specific properties. The downward trend in the production of
natural fiber nets and the upward trend in the production of synthetic
fiber nets in Japan in 1960-68 are illustrated in Table l; the percentage

of the various types of nets made of the different synthetic materials is
given in Table 2.

Table 1.--Fishing net production in Japan (Japan Chemical Fibres Asso-

ciation 1971). (Source: Ministry of International Trade and Industry,
Japan.)

Natural Synthetic Breakdown by fiber
fidber fiber
Grand uets nets Polyvinyl Polyvinyl Poly- Poly-

Year total total total Polyanmide alcohol Vinylidene chloride Polyester ethylene propylene
1960 10,596 2,344 8,252 3,639 3,194 709 528 . 93 99

1961 11,295 2,006 9,289 4,134 3,567 715 409 167 297

1962 11,732 1,346 10,386 4,726 4,040 509 364 187 560

1963 12,965 1,061 11,904 6,976 2,320 689 448 416 967 88
1964 14,015 746 13,269 6,874 2,939 845 310 559 1,55 186
1965 16,236 567 15,669 8,944 3,345 827 279 482 1,715 77
1966 17,773 400 15,373 9,566 3,514 844 . 205 581 2,591 72
1967 18,765 381 18,3854 10,283 2,933 869 183 407 3,569 150

1968 - 18,983 366 18,647 9,414 3,667 1,098 87 587 3,507 ¢ 287
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The following definitions are from Klust (1973), Nomura and Yamazaki
(1975), and McNeely and Walsh (1980).

Breast line.~-Vertical ropes which connect at each end to the footrope
and headrope. Breast lines are attached to side panels of trawl gear and
to the ends of purse seines and gill nets.

Bunt, sack, bag.~-These terms refer to the heavy web section of purse
seines into which fish are concentrated by sequentially strapping aboard
sections of the bunt to dry up the fish before they are scooped aboard in a
large scoop called a brail.:

Cod end, bag, sack, fish bag.~-These terms are used to describe the
heavy mesh in the aftermost sections of trawl gear where fish accumulate
during the fishing operation. Some larger vessels drag the entire cod end
up an inclined ramp at the stern of the vessel, and smaller vessels are

requ1red to split the catch into smaller amounts that can be brought aboard
in increments up to 3 ‘tons per hoist.

Extens1b111tx.--The complex physical propertxes of netting that undergo
changes in dimension in the form of elongation or extension due to applica-
tion of a tensile force. The complexity results from several factors which
include but are not restricted to the amount of elongation 1mmed1ate1y after
applying a bresking load, reaction of the yarn to a gradually increasing
load, reaction under sustained load over long durations, reaction of yarn to

repeated loading and unloading, total or permanent elongation, and energy
absorption.

Footrope, leadline, groundline.--A lower section of the net to which
weights (lead or chains) are normally attached. The term "groundline" is
sometimes also used in describing the low leg of bridles used to pull a
trawl through the water. A footrope provides downward thrust to oppose

upward thrust of the float line to facilitate opening of the net in fishing
operations.

, Hanging ratio.--Defined as L/W, i.e., the relat10nsh1p between the
length (L) of the rope along which the webbing (W) is hung and the
stretched length of the webbing. For example, 628 m of stretched webbing
hung on 440 m of rope will produce a hanging ratio of L/W = 440/628 = 0.71,

Hang~-in.-~An expression also quite commonli used and defined as (W-L)/W.

Headrope, float line, corkline.--These terms are used interchangeably
to describe the top strength member rope and its floats which are normally
attached to assist in vertical opening of the net.

Intermediate .~~Intermediate sections of the net are found only in

trawl gear in the after-section of the net and are used to connect the main
body meshes to meshes of the fish bag.

Main body or body.--Refers to the great bulk of netting used to fill
in the basic design of the net, exclusive of peripheral parts such as rib-

lines, headrope, footrope, breastlines, selvage strips, intermediate sec—
tions, and fish bag.
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Net .——~Any completed assembly of netting or sections of netting having

a prescribed shape useful to perform a desired function, e.g., tennis net,
safety net, basketball hoop net, and fishing net.

Netting, webbing, web.--These three terms are used interchangeably to
describe the basic material from which nets are made.

Panel.--A single section of netting cut to a prescribed shape and size
that is joined to other panels in the construction of a completed net.

Riblines.~~Strength member ropes attached to outer seams of trawl
gear. Whenever netting attached to riblines is hung in (unit length of
netting attached to less than one unit length of ribline), it becomes a
load-bearing member during fishing operations and assists in opening the
net to its desired shape. Whenever netting is hung to riblines with iden-
tical unit lengths, the riblines serve only to limit the extent of damage
‘whenever a net is torn and to assist in bringing aboard large catches of
- fish after the net has been collapsed during retrieval.

Selvage (selfage) edges and selvage strips.--The machine-made or man-
made, double twine edges along a length of netting or along the edges of
panels of netting. Selvage strips are narrow sections of netting fabri-
cated of much heavier twine than main body netting and have a width of 2 or
3, up to 50 meshes. Selvage strips are commonly made utilizing larger mesh
size in addition to larger twine size. Their main function is to more
equally distribute load among strength-bearing members such as headropes,
footropes, breastlines, and riblines, to main body meshes.

Splitting strap.--Heavy ropes which are permanently threaded through a
maximum of seven steel rings placed around the cod end to allow pinching
off a part (one-half to 3 tons) of the catch. Splitting straps are uti-
lized by small vessels to bring aboard small sections of large catches.

NET CLASSIFICATION

The following brief descriptions of the various types of net gear used
in fishing were adapted from Nomura and Yamazaki (1975).

I. Gill Nets

A, Surface gill net.--Buoyed to float on the surface.

1. Fixed surface gi11 net.--One or both ends of the net are
anchored; used in shallow inlets or narrow waterways where
fish such as sardlne ngrate.

2.

Drift surface gill net.~--Net drifts with current; used mainly

in open offshore waters; for night sets, lights are attached
to ends of nets; used in the salmon gill net fishery.

B. Midwater gill net.--Nets are suspended in midwater by long float
lines.
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1. Fixed midwater gill net.--Construction same as fixed surface

gill nets; fishing depth is adjusted by use of long float
line; ends of net anchored.

2. Drift midwater gill net.--Same as drift surface gill net;
fishing depth adjusted with long float line; used to capture
sardine, mackerel, and saury.

C. Bottom gill net.--Nets set near or on bottom; used for catching
cod, flounder, shark, mackerel, sea bream, shrimp, and crab.

1. Fixed bottom gill nmet.--Set on or near the bottom with anchors;
effective fishing depth to 200 m..

2. Drift bottom gill net.--Net allowed to drift freely over sea

D. Encirecling gill nmet.--Gill net, which is set inside a large
encircling net to first encircle the fish school; the inner net
gills the fish, used to catch young yellowtail.

E. Sweeping gill net.--A net in which one end is anchored and the other
other end is towed in a circle to bring the net in contact with fish.

F. Entangling net.

1. Single entangling net.--Single net with or without leadline
used to entangle fish; used for king crab and tuna.

2. Trammel net.--A net composed of a panel of small meshed webbing
sandwiched between two outer panels of large-meshed webbing;
used to entangle or trap fish in a loop of webbing.

Haul Nets

A. Beach seine.--A bag-~shaped net with long wings; usually used

along shoreline and pulled by hand toward the beach.
B. Boat drag seine.

1. Upper-laver drag net.--This net is a long, conical bag with wings.

2. Danish seine.--A net in which one end is first attached to a
buoy underwater before setting; remainder of tow rope, net, and
opposite side tow rope is then payed out as boat travels a
triangular course to return to the buoy; buoy is retrieved and
the two ropes are hauled by the boat thus bringing the wings
closer together and driving the fish into the net mouth.

3. Trawl net.--Conical net pulled by one or two boats for set
periods of time.

a. Bottom trawl.--Hauled on or jﬁst off the bottom.




45

(1) Beam trawl.--Uses beam or other devices td.spread
net mouth; examples are dredge and coral net.

(2) Otter trawl.--Uses otter boards or "doors" to spread
net mouth; examples are bottom fish trawl and shrimp
trawl.

(3) Two-boat trawl.--Uses two boats to spread net mouth;
examples are bull trawl and paranzella net.

be. Midwater trawl.--Hauled in midlayers; mouth held open
either by otter boards or by two boats.

III. Push Net

Triangular, bag-shaped net two sides of which are fixed to scissorlike
crossed bamboo sticks; net is pushed forward in shallow water by hand
_ or boat.

IV. Lift Net

Operation of net involves raising or hauling a submerged net upward out
of the water; net can be a small hand-operated net, hoop net, blanket
net, or a large mechanical 1lift net.

A. Floating lift net.

1. Stick-held 1ift net.--Net is set deep beneath the water
surface and is allowed to flow freely from the boat; hauling
lines are attached to keep the net from drifting away;
submerged net is lifted upward when fish schools aggregate
over net; used to catch saury, mackerel, and horse mackerel
with the aid of light attraction.

2. One-boat 1ift net.~-Small scooping net is used.

3. Eight-angle net.--Net is a 1ift net operated by two boats.

B. Bottom lift net.--Net is. submerged and rests on bottom.

1. Four-angle dip net.
2, Three-boat lift net.
3. Four-boat 1lift net.
4. Eight-boat 1ift net.

V. Surrounding Net

Net used to encircle fish schools from the side as well as the bottom;
net 1is rectangular.or has a bag with wings thus resembling a haul seine.
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A. Surrounding net with pocket.--A semisurrounding net; bag net

(better referred to as a 1ift net) is used together with a

pair of wing nets; used at night with lights to attract fish
schools. '

B. Surrounding nmet without pocket.

1. Surrounding net with purse line.--Net is set around a fish
school and the purse line quickly pulled in to close off the
bottom of the net.

8. One-boat purse seine.--Net is set after skiff holding one .
end of the net is launched; boat then pays out net to
surround fish school; the seiner then retrieves purse line
and bridle from the skiff and the net bottom is closed; net
is hauled with a power block; example: tuna purse seine.

b. Two-boat purse seine.--The purse line or wire rope is
attached to the sinkers, similar to the one-boat seine;
net operated by two boats; two-boat seine differs from
one-boat seine in twine size, mesh size, length, width,
and length-width ratio.

2, Surrounding net without purse line.--Lampara-type net; has

neither rings nor purse line along the bottom.

VI. Cover Net

A. Cast net.--Conical net thrown by hand so that it opens nearly flat

as it falls on the water surface; net sinks rapidly due to weights
attached to edge of net.

B. Lantern net.-~Net is fabricated to cover a wooden, lantern-shaped
frame; operates by covering fish; hand hauled.

VII. Trap Net

Fish are caught in collecting units from which escape is prevented by
labyrinths and retarding devices such as gorges and funnels.

A. large-scale trap net.

1. Large stationary net without traps.
a. Large statiomary triangular net.--Gear consists of a

leader net and main net.

b. Large stationary oblong or octagonal net.--Main net is
_ 400 m long and 100 m wide; leader net is nearly 4,000 m
long.

2. Stationary net with trap.—-Net has three parts—-bag net (or main
net with bag), barrier net (or playground net), and leader net.
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a. Stationary net with one trap.--Main net is 200 m long;

used to catch yellowtail, horse mackerel, squid, and some
pelagic species.

b. Stationary net with two traps.

B. Medium stationary trap net.

1. Sardine stationary net.--Bag net does not reach to bottom; has
leader net and big playground net with bottom sloped upward.

2. Herring stationary net.--Net is box-type bag net.

3. Salmon stationary net.-—-A surface or bottom trap net used on
grounds with swift currents.

C. Small-scale statiomary trap net.--A pound net w1th main net,
leader, and conical bag net.

D. Guiding barrier.--Screen labyrinth net; gear consists of a fence
(or fences) which guides the fish to one or more retaining chambers.

E.

Portable trap and stow mnet.

1. Covered pots and fyke net.--This gear can be used singly
or arranged in systems with wings and leaders; net has

basketlike or cagelike appearance; made of wood, netting,
wire, or plastic.

Stow net.--Net is fixed on stakes or anchored with mouth kept
open by frame; usually placed in strong river currents.

NET FISHERIES

The net is a relatively young invention and was probably introduced in
hunting earlier than in fishing (von Brandt 1964). Although net fishing
developed rapidly in some countries after its introduction, it was of
secondary importance in others where fishing methods such as hook and line,
traps, striking gear, shooting, and fish barriers were more highly developed
(von Brandt 1964), But it seemed inevitable that net fishing would occupy a
prominent part in the fisheries of many nations as net making technology was
perfected by repeated trial and error over a long period. Even today, many
nations have not acquired the knowledge and technical skills to make nets;
?owever, this is no longer a problem since machine-made nets from major

industrial and manufacturing nations can be delivered to the most remote
places of the world.

Today, the net fisheries harvest a large number of species using a wide
assortment of gear including gill nets, tangle nets, trawls, purse seines,
set nets, lift nets, and haul seines. Excellent reviews of some of the
major fisheries in the North Pacific may be found in a number of reports

(Alverson et al. 1964; Chitwood 1969; Frey 1971; Takahashi 1972; Browning
1974; and Forrester et al. 1978, 1983).

In the sections that follow, some of the maJor net fisheries in the
North Pacific are reviewed.
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Gill Net Fisheries

In the chronology of net gear, the gill net evolved after the beach
seine but well before the development of the purse seine (Browning '1974),
In terms of tonnage of fish landed, however, the gill net has to rank behind
the purse seine and the trawl.

Although resembling the beach seine, the gill net fishes on a different
principle, that is, whereas a beach seine surrounds or closes off the path
of a school of fish, the gill net is simply a wall of netting whose meshes
either form a "noose" around the heads and bodies of fishes and molluscs
that swim forward vigorously (von Brandt 1964; Browning 1974), or entangle
legs and spines of crustaceans. Furthermore, the gill net is much more
versatile because it can be fished at the surface, in midwater, or on the
bottom and be anchored or set adrift.

Gill nets may be classified into several categories depending on geo~- |
graphic area. On the U.S. west coast and Alaska, gill nets may be classi- :
fied into two broad categories--drift nets in their several forms and the
set or anchored gill net (Browning 1974). 1Imn Japan, in addition to the two
mentioned above, there is a third classification referred to as a "movable
type"” gill net in which the net is used to encircle or is set near fish
schools and the fishermen actively drive or herd the school into the meshes
of the net (Yamaha Motor Co. (Yamaha) 1979a).

R

There are a number of major and minor fisheries in the North Pacific in
which fishing vessels use gill nets exclusively or in combination with other
gear. These include fisheries for salmon, squid, tuna, barracuda, pomfret,
saury, shark, white seabass, Pacific herring, yellowtail, mackerel, bonito,
flyingfish, sardine, pollock, king crab, cod, bream, shrimp, and flatfish
(Nomura and Yamazaki 1975). :

A net much like the gill net is the trammel net. Trammel nets have two
outer walls and an inner, longer sagging curtain. They are designed to pre-
vent fish like halibut, which can swim powerfully in reverse, from freeing
themselves from a standard gill net. A fish swimming into a trammel net
entangles its head in the small mesh and drives the inner curtain through

the outer wall. The mesh then collapses behind the fish, bagging it and
blocking its escape (Pleschmer 1983),

Because of the extra time and skill required in fishing with trammel
nets, many halibut fishermen use a simpler suspended or "trammelized" gill
net. This type of net is fabricated by taking a single-walled net and
interweaving a vertical string or line at intervals to prevent the net from
expanding to its full height. The added slack traps the fish in a bag of
mesh. This adaptation to the gill net fishes cleaner and offers a little
more protection from seal predation; however, it is not effective at catch-
ing large fish (Pleschner 1983),

Coastal Gill Net Fisheries

In Japanese net fisheries, although the number of boats that can be ‘
operated in fisheries such as small-gcale trawling, purse seining, boat :
seining, and fixed net fishing is limited by a licensing system, the number !
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of gill-netters is licensed only in certain prefectures; therefore, gill
netting is a popular fishing method among coastal fisheries and provides
support to many families that rely solely on income from fishing (Yamaha
1979a). In fact, of Japan's fleet of 328,000 fishing boats that are under 5
gross tons (GT), 38,000 or 12% use gill nets exclusively.

Fishing with gill nets is a relatively simple operation along the
coasts of Japan. The small fishing boats operate close to shore and can set
and retrieve nets with small crews (Yamaha 1979a). Major species taken
include sardine, mackerel, horse mackerel, saury, skipjack tuna, yellowtail,
bluefin tuna, swordfish, salmon, trout, cod, shark, sea bream, flatfish,
octopus, squid, sea urchin, sea cucumber, shrimp, and crab.

In the coastal drift net fishery for salmon and trout along the
northern half of Japan in the northwestern Pacific and in the Sea of Japan,
1,380 boats landed 34,218 metric tons (MT) to 73,769 MT of salmon in 1971~

76 averaging 50,024 MT annually (Internat10na1 North Pacific Fisheries
Commission (INPFC) 1979).

The type of gill net used in the coastal fisheries varies considerably,
depending on the target species. The fishermen decide on the most appro-
priate design and construction of the net, taking into consideration the
quality of the material, thickness of the thread, mesh size, knotting
method, mesh depth, and color. They also must select an optimum hanging
ratio of the netting to give the net flexibility and increased entangling
efficiency (Yamaha 1979a). The hanging ratio is usually determined after
taking into consideration the target species, bottom topography, tidal
current, water depth, and the surplus buoyant force of the floats.

For sardine drift net, the mesh is 4.3 cm, the float line is 30-48 m
with a 35-40Z hang-in, and the leadline is about a meter longer than the
float line. The boats in this. flshery carry about 7-8 men and are about 20

GT. )Each boat sets about 40 units of nets per set (Nomura and Yamazakl
1975). :

The Spanish mackerel fishery uses a different net with a mesh size of
7.5 cm, a depth of 130 meshes, and a float line 26 m long. Because the net
is intended to drift at the surface, the leadline, which is 25 m long, is
without weights. The hang-in is 44.5% in the float line and 44.6% in the
leadline (Nomura and Yamazaki 1975).

The gear used in the mackerel drift net fishery is similar to that used
in the sardine drift net fishery except that the mesh size is 7.0-8.5 cm and
depth varies widely from 200 to 500 mesh. The length per unit of net is 75
m and the hang~in is 30-40% (Nomura and Yamazaki 1975).

There is also a mackerel bottom gill net which has a mesh size of 7.6
cm, is 100-400 meshes deep, with a float line of 36.4 m and a leadline of
33.3 m. The hang-in is 30%Z (Nomura and Yamazaki 1975).

In the flyingfish drift net fishery, the gear is fabricated into three
parts-—-the end net, the first leader net, and the second leader net. Thirty

units of net are strung together to form a length of gill net stretching
1,047 m long (Nomura and Yamazaki 1975).
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Still another gear used in the coastal fisheries is the shrimp bottom
gill net (Nomura and Yamazaki 1975; Yamaha 1979a). Made of nylon webbing,

the mesh is 6~10 cm and the net is 10-17 meshes deep with a 50-692 hang-in,
Each unit is 2.5 m long. ’

For shark fishing, a bottom gill net with mesh sizes 17-25 cm is used,
and because sharks are caught by trammeling, the hang-in is as large as 40%.
The net is 18 meshes deep with a stretched length of 50.5 m hung on a float
line of 37.9 m. The leadline is 30.3 m. The boats operating in this

fishery are 7-10 GT with eight men aboard. Usually, each vessel sets 40-80
units of gill net per day. ‘ '

The Soviet Union's coastal fisheries bordering the North Pacific
involve traps, beach seines, and weirs to capture maturing salmon from
schools that are migrating to the spawning grounds. The areas fished
include the east and west coasts of Kamchatka, the northern part of the
Okhotsk Sea, along the coastline bordering the Okhotsk Sea from Lisyansky
Peninsula to the Amur area, Amur River basin north to the Iska River, coast"

of Primore, Sakhalin, Kuril Islands, and the Gulf of Anadyr (Fig. 2) (INPFC
1979). |

Soviet fishermen use several different types of gill nets and tangle
nets for fishing in the northwestern Pacific. In general, nets are 20-30 m
long, but for certain types of fishing, e.g., deep bottom fishing, nets may
be up to 1,000 m long. The depth of the net is dictated by the target
species. Most set gill nets are 1.7-2.5 m deep; most drift nets are 6-15m

deep. Andreev (1966) described several nets used in the northwestern
Pacific, as follows: :

Shark anchored gill net.--The net is 25 m long and 25 meshes deep;
hanging ratio is 0.50; mesh size is 80 mm; and twine size is 20/12.2

Walleve pollock gill net.--The net is 30 m long and 30 meshes deep;

hanging ratio is 0.60; mesh size is 48 mm; and twine size is 18/3.

Crab_anchored gill net.--The net is 46 m at the corkline and 42 m at
the leadline; the depth is 6.5 meshes; hanging ratio is 0.42-0.46; and the
twine size is 20.12. No mesh size is given.

Anchovy drift net.--The net is 45 m long and 200 meshes deep; hénging
ratio is 0.60; mesh size is 14 mm; and the twine size is 130/6.

Pacific saury drift net.--The net is 36 m long and 5.1 m deep; hanging
ratio is 0.60; mesh size is 16 mm; and twine size is 61/6.

Mackerel drift net.-~The net is 30 m long and 6.4 m deep; hanging ratio
is 0.60; the mesh size is 40 mm; twine size is 34/12. ‘

’The numerator is the size of the yarn with which the twine is
constructed and the denominator is the number of yarns in the twine.

W
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Figure 2.-~Areas fished for salmon by Soviet fishermen
(International North Pacific Fisheries Commission 1979).

Salmon drift net.--The net is 30 m long and 3.3 m deep; hanging ratio is
0.60; twine size is 34/12. No mesh size given.

Herring drift net.--The net is 30 m long and 6.0 to 15.2 m deep; hanging
ratio is 0.60; twine size is from 34/6 to 61/6. No mesh size given.

Information is lacking on the number of units of gear used in the
various Soviet fisheries.

Canadian and United States fishermen, including those in Alaska, fish
fgr salmon in inshore waters. Salmon fishing with nets is prohibited at any
distance from the outer coast with minor exceptions. Thus, except for
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salmon taken by trolling, the bulk of the Canadian and United States catch
comes from purse seines and gill nets fished in inshore waters.

The Canadian gill net fishery for salmon in Georgia Strait is 'largest
in the Fraser River area where fleet size reaches 800 vessels during the
summer fisheries for sockeye and pink salmon, and during occasional fall
openings for chum salmon (Argue et al. 1983). In the remainder of Georgia
Strait, there are perhaps 3,000 gill net boats that fish at least once. The
boats in this fishery are 10-15 m and carry nets with meshes of 130-149 mm
for sockeye, pink, and coho salmon and 165-216 mm for chum and chinook
salmon. Nets are restricted to a length range of 137 to 336 m and a depth
of no more than 60 meshes. The number of days allowed for net fishing
varies widely depending on location of the fishing grounds. In 1981, 2,508
gill-netters and combination gill net-troll boats fished for pink, chum, and
sockeye salmon in British Columbia waters (Beacham 1984a, 1984b, 1984¢).

A Canadian skiff gill net fishery also exists for high value roe her-
ring (Ness 1977a; Forrester et al. 1983). In this fishery, gill nets now
account for about half of the herring roe catch (Hourston and Haegele 1980).
These gill nets are fished from aluminum skiffs especially developed for
this fishery. 1In 1978-79, 1,300 gill-netters fished for herring roe.

In waters off the U.S. Pacific coast states, the gill net is the most
important commercial salmon gear, accounting for roughly 50% of the landings
from these states in 1975 (U.S. Department of Commerce 1978). Following
gill nets in order of importance was the purse seine which accounted for 35%
of the salmon landings, whereas lines produced just 14Z. The remaining 1%
of the catch came from haul seines, otter trawls, pound nets, floating
traps, pots, dip nets, reef nets, and wheels. A summary of operating units
for the U.S. Pacific coast fisheries in 1975 is shown in Table 3.

In the early years of the salmon fishery, linen gill nets were used;
however, nylon webbing was introduced in the 1950's and replaced linen
rapidly. Monofilament nylon webbing was used by a few fishermen in 1958 but
vas banned in Washington and Oregon in 1959 and in Alaska in 1960, The ban
on monofilament gear, however, was not applied to Indian fisheries in Wash~-
ington and in the Columbia River where existing fisheries commonly used
monofilament gill nets. In 1965, a multiple strand monofilament gill net
vas introduced in Washingtom and is legal gear at the present time.

Although the U.S. commercial salmon fishery operates in the four
Pacific coast states, only Alaska and Washington have large net fisheries..
The regulations concerned with the Alaska salmon fishery are extremely
complex and involve variationms, by statistical districts, in fishing season,
gear specifications, and type of gear allowed (Table 4).

In Washington, the commercial salmon fishery, which is carried out in
Puget Sound, Grays Harbor, Willapa Bay, Columbia River, and offshore,
depends primarily on purse seines and drift nets. In Puget Sound, drift
nets may be 549 m long with stretched mesh varying from 114 to 210 um,
depending on area, season, and target species. Around San Juan Island, some
reef nets are also used. The season extends from May to October. At Grays
Harbor and Willapa Bay, drift nets allowed are 457 m long with a minimum
Tgsh 8ize 127 mm. The season here runs from July through November (INPFC

.

o -
.
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Table 3.--Summary of operating units, 1975 (U.S. Department of Commerce 1978).

TOTAL,
ITEM ALASKA WASHINGTON OREGON CALIFORNIA excLusive
) OUPL ICATION
FISMCRMENS . -o--...-.-.-.---.o-—m.-...-oo---o.o...-
ON VESSELS. o v o o o o » 8,040 8,227 2,6 8,912 22, M1
OM BOATS AND SMORE:
FRL-TIME ¢ ¢ s 0o 0o o o 7,067 3,28 1,628 7,70 21, M2
m'rl’(octoooo - 339 18 - 3:7
TOTAL. o o s o 0 0 o 16,013 10,844 4,504 16,681 44,840
VESSELS, MOTOR, & ¢ ¢ « o & 2,432 2,390 1,300 2,320 7,031
”mossn TONMAGE ¢ o o o o o 83,349 60,808 n,7 137,486 200,413
13 . .
MOTOR o o o o o e 0 o o o 4,193 4,%5 1,57 2,832 12,972
ommoooon'oooo - - - 04 304
GEAR3
HALL SEINES, COMMON , . 9 83 S 1" 110
PURSE SEINCS:
AW.."'-.. - - - 9 9
’tm‘motcoo..o - N - - N
MACKEREL, o s o ¢ ¢ o o - - - 43 43
“Wooooooooo "o"‘ 48 - - "a‘
m-o.-o..-o- - - 3 138 141
OTHER ¢« v ¢ e 6 o 6 0 o - - - 204 204
LAMPARA NETSt
MACKEREL. o o o ¢ ¢ o o - - - T 23
w'o-;oooo'co - - - 8 a3
m-oouoooo'- - - - ] 6
mno-oonouoo - - - 57 k14
SEAM TRAWLS, SHRIMP , , , t44 ? - 3 7
OTTER TRAWLS:
FIM, o ¢ c a0 0 s oo 20 97 143 3 T8
SMRIMP. ¢ ¢ s o000 87 48 164 ) k1]
mn'.l..‘... - 1 - - 1
POUND NETS, FISMe o o & & 2 ) - - 3
FLOATING TRAPS, , , o & & 8 - - - 9
POTS AND TRAPS3
CRAB
DUNGENESS & o o o o o 77,799 36,378 57,08 2,73 157,29
KING: ¢ ¢ s s 000 31,791 - - - 31,791
OTHER & ¢ o o o 0 o o I7, ™ - - - oM
CRA\#'!SN. *® o0 0 0 0 - 190 4.203 ‘,m
FISM. v ¢ e o a0 00 - 823 6,09 8,313 13,328
LOSSTER, SPINY, o o o o - - - . 9,900
* s 000 00 - - - 570
SMRIMP. . o 4 o 00 0 3.75 2,6%0 - 148 6,373
GILL NETS¢
» SET, OR STAKE:
e s e s e 2,361 680 . - 3,048
OTHER & ¢ o o o o o a3 - 29 Ju 37
ORIFTs
BARRACUDA . o . . .« - - - *
SALMON, & ¢ o o & o & 2,677 2,218 328 - 5,113
SEA BASS, . ., ¢ 0 s o - - - - bl
SHAD. ¢ ¢ o 0o 0 0 s o - - bl ° >
R--.'ooo- - 3 17 670
MLP(T!....... - - - 3s 3s
LINES:
HAND AND TROLL, TUNA, , - - 7,10 - . 7,710
HAND t
m"""..’.'. - '“ - 20 164
TUNA:
ALBACORE, o o & o . 222 - 1,17 1,200
YELLOWFIN , o o o & - - - 40 540
*® 0 00 00 - - - 16,304 16.3“
TROLL:
SALMON, . ¢ o o o o o 7,078 13,081 13,014 13,893 43,499
s e eesnens - 6,010 1,040 6,088 12,37
OTHER & v o v s o o » - 123 - 12,782 12,883
ONG OR SET WITH HOOKS, 10,923 1,019 =3 1,640 13,032
DIP NETS: .
WOOooo-oo- - 188 - 120 I
DROP. ¢ o o e 0o 0 s 0 s - 20 - - 20
BRAIL OR SCOOP NETS , . . - - - s s
REEF NET, 4 o o o 0 o o o - ;-] - - -
HARPOONS ¢
SWORDFISM o ¢ ¢ o o o o - - - 193 193
Rtocoooouo - - - 3 3
WATER PUMP, . ¢ 4 o ¢ o o - - 4 - 4
OREDGES:
e » 000 000 00 - 4 - - 4
OYSTER:
* o o 00 060 0 - 46 4 - 0
SUCTION . , o o ¢ o o - 2 - - 2
SCALLOP, SEA, . . . . . 3 - - - 3
RAKES, OYSTER , o ¢ & o » - - - 46 48
SMOVELS & ¢ o s 0o 0o v o o = 123 2 - 200
DIVING OUTFITS:
ABA s o000 000 - - - 2088 288
mn'....'.'. - - - 1“ ‘w

Note: Haul seines in Alaska have been included with purse seines. Nets or
lines made up of small units for ease in handling, but fastened together in

fishing, are counted as a single unit.
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Table 4.--Net regulations in the Alaska salmon fishery, by type

of gear and statistical districts (International North Pacific
Fisheries Commission 1979). :

Beach seines,

Legal gear traditional
and hand-
District Drift net Set gill net . Minimum stretch hauled purse
(m) (m) mesh (mm) seines (m)
Arctic-Yukon~ : 203 (June)

Ruskokwim 91 183-274 152 (other months) -
Bristol Bay 274 91 137 -
Alaska

Peninsula-~

Aleutian .

Islands —-— 366 : 133 183-457
Chignik Banned Banned - 183-411
Kodiak - 274 - 183-366
Cook Imlet 274 —-— 153 but 178 during

Chinook run’ 165-457
Prince William

Sound 274 - - 229-274
Southeast

Alaska - 27-549 203 (<60 meshes deep)

- >203 (<40 meshes deep) 183-457

The commercial salmon fishery in Oregon consists only of the Columbia
River gill net fishery, which is the same as that for Washington because of
joint responsibility for management, and the ocean troll fishery. Drift
nets are the only commercial gear allowed in the Columbia River fishery
below the Bonneville Dam. Above it, set gill and dip nets are permitted in
the exclusive Indian commercial fishery. Drift nets up to 457 m and set
gill nets up to 91 m are legal gear. In February-March and in August, a
184~mm minimum mesh size is enforced to reduce the catch of steelhead trout.
The mesh size is reduced to 114-mm mesh minimum in June-July only for

sockeye throughout the Columbia River to protect the summer-run chinook
salmon.

The Columbia River fishery has four seasons: winter (February-March),

;g;%gg (April-May), summer (June-July), and fall (August-November) (INPFC

California, like Oregon, has banmed gill net fishing for salmon and
operates only an ocean troll fishery (INPFC 1979).

v om— ——_ p— o vimes 1
<
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Other major gill net fisheries in waters of the Pacific coast states
include those for herring. Exclusive gill net fishing for herring was not
allowed in Alaska until 1976 where regulations adopted by the Alaska Board
of Fisheries provided for 10 fishing areas in southeastern Alaska to be set
aside for gill netting (Ness 1977a). Regulations for this fishery require a
minimum mesh size of 5.4~cm stretch mesh. Nets can be no longer than 91 m
and the maximum aggregate length allowed is 366 m per gear holder. The net
is rigged with anchors and buoys and has an average fishing depth of 11 m.
Although current regulations do not specify vessel type or size, the tradi-
tional boats are 5-9 m skiffs. The fishery operates only briefly (1 day)
until the maximum catch quota is attained.

California also has a large coastal fishery for herring. Three gear
types are involved in this fishery--purse seine, lampara, and gill net;
however, the gill net is by far the most frequently used. Gill nets used in
this fishery became more competitive when set or anchored nets were per-
mitted in 1976~77. The result was that fishermen targeting primarily for
. herring roe shifted from round-haul nets to gill nets and this shift is

continuing mainly because buyers prefer the larger fish and higher percent-
age of females in gill net catches.

In 1970-80, 363 vessels participated in the herring roe fishery, more

than in any other commercial net fisheries in California. Of these, 306
were gill-netters.

- Other gill net fisheries in California are for surface and bottom sea
bass, bonito, and barracuda. Trammel nets are used for halibut and angel
shark, and drift nets for thresher shark and swordfish. Average sets are
about 20 to 30 pieces of net; each is 82.3 m long and 28 meshes deep. 1In
1975, there were 75 drift nets operating for barracuda, 56 units for sea

bass, 35 units of trammel nets, and 648 units for a variety of other
species.

High Seas Gill Net Fisheries

Two important high seas gill net fisheries exist in the North Pacific--
one is for salmon, the other for squid.

The Japanese fishery for salmon in the North Pacific operates with
mother ship fleets and land-based vessels. Mother ships are accompanied by
catcher boats which fish with drift nets. Those vessels that are land-based

work out of ports in northern Japan and use either drift nets or floating
longlines.

The area of operation of the Japanese mother ship salmon fishery is
shown in Figure 3. The number of mother ships and catcher boats that can
operate in the salmon fishery is licensed by the Japanese Ministry of Agri-
culture and Forestry (JMAF). In 1969-78, these numbers varied from 11 to 40
mother ships and from 172 to 369 catcher boats (Table 5). Catcher boats,
use monofilament gill nets with a minimum stretched mesh of 120 mm; however,
more than 602 of the gill nets in use have a mesh size of 130 mm. Each
catcher boat is allowed to set from 12 to 15 km of net at the maximum
depending on the area being fished (INPFC 1979)., Jones (1982) has estimated
that annual fishing effort in the Japanese salmon mother ship fishery has
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1971 (International North Pacific Fisheries Commission 1971),.

Table 5.--Changes in the Japanese salmon mother ship fishery
during 1969-78 (effort in thousands of tans) (International
North Pacific Fisheries Commission 1979).

Year

No. of mother ships No. of catcher boats Fishing effort!
1969 11 369 6,217 -
1970 11 369 6,028
1971 11 369 5,839
1972 10 332 5,917
1973 10 332 5,850
1974 10 332 5,433
1975 10 332 5,633
1976 10 332 5,811
1977 6 245 3,984
1978 4 172 2,721

Cumulative quantity of gill net used, in thousands of tans.

- N e e e

e
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fluctuated from 0.5 to 9.3 million tans (one tan is 50 m of gill net). The
changes in fishing effort are related to quotas and restrictions imposed for
available fishing grounds. Since 1978, effort has averaged about 3.0 mil-

lion tans annually and has been concentrated in the grounds just south of
the Aleutian Islands inside the United States fishery conservation zomne.

In the land-based fishery, the JMAF has licensed about 325 vessels,
which are required to land their catches at designated ports. These vessels
use monofilament gill nets with a minimum stretched mesh of 110 mm although
nets with 115 mm meshes are more commonly used. Each vessel is allowed to
set a maximum of 12 or 15 km of nets (INPFC 1979). Specifications for a
Japanese salmon gill net are shown in Table 6. The Japanese land-based
salmon fishery operates just south of the area fished by the mother ship
fleet and extends westward towards Japan. ‘Effort in this fishery has been
about 3.0 million tans annually, similar to that of the mother ship fleet.

the billfish drift net fishery (Suisan Sekai 1978) and the high seas squid
fishery. Beginning full-scale operation around 1972, the billfish drift net
fishery has about 395 vessels, a third of which fish with drift nets full
time for billfish. The drift net used is usually 50 m long and 9 m deep.
The remaining vessels in the fleet fish salmon drift nets part-time or
engage in tuna longline during other times of the year.

The sudden surge of vessels entering this fishery was the result of the
"0il shock” of 1973 and the Japanese Government's policy to reduce the
salmon fishery fleet. Increased fuel and bait costs forced many vessels
engaged in other fisheries to turn to the drift net fishery because of the
advantage gained through low fuel consumption and elimination of bait costs.

The fishery now operates year round. Between July and October, bill-
fish appear off Sanriku and after October, migrate southward, ending the
Sanriku drift net fishery. Some vessels, however, continue pursuing the
migrating fish and establish bases as far south as Nagasaki Prefecture in
Kyushu. In addition to billfish, the drift net captures skipjack and
yellowfin tunas, mahimahi, and sharks.

The fishery is not without problems. Conflicts have erupted between
the drift net and skipjack tuna pole~and-line fishermen because of increased
" competition for the resource. Furthermore, cruising vessels have complained
that occasionally they run into drift nets, resulting in propeller damage.

The Japanese squid fishery, which developed rapidly in 1978 in the
northwestern Pacific, targets the red squid.3 Most of the vessels partici-
pating are salmon drift-netters that shift to squid fishing after the close
of the salmon season. This new fishery, however, like the billfish drift
net fishery, met stiff opposition, mainly from the squid jigging boats.

The result was that on 1 January, the JMAF restricted squid drift-netting

3Court, W. G. 1979. Japan's squid fishing industry. Tokyo
University of Fisheries, Tokyo, Japan, 34 p. (Mimeogr.)
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Table 6.--Specifications for a Japanese salmon gill net
(Food and Agriculture Organization of the United Nations 1965).

Data Sheet FAO No.404
NAME OF GEAR: Salmon Gillnet Nain species coupht: Salmon and trout Vossels :i‘c:(c)’.'eer;nml!:lnd
TYPE: Driftnet L.0.A: 80 - 90 It
COUXTRY: Japan Fishing condilions:  Surface; in open Gross tonnage: 75 - 88
ocean,
LOCALITY: North Pacific Ocean Horse powsr: 280 - 400
REFERENCE: K. Mori Crew: 120 - 32
(1961) .
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to the area north of lat. 20°N and west of long. 170°E. Japan has a squid
drift net fleet of 534 vessels.t

Of the 110 vessels in the Taiwan squid fishing fleet, about 30 operate
in the central North Pacific during May-September. The western boundary of
this fishery is long. 170°W. There is no eastern or northern boundary.
After the completion of the May-September season, the vessels, together with
others joining the fleet, move to the western North Pacific grounds located
wvest of long. 170°W. In the Taiwan squid fishery, the jigging and gill~-
netting combination vessel of about 390 GT with a length of 47 m is most
popular. Driven by a 850-hp engine, these vessels carry 16-18 men and have
a carrying capacity of 280 MI. The vessels are capable of remaining at sea
for up to 4 months. Each of the combination vessels is typically equipped
with 250 to 500 shackles of gill nets with each shackle 50 m long. The

depth of the net is 6.5 m; the webbing is of monofllament vinyl chloride
fibers, usually green or light blue.

Taiwan gill nets, compared with Japanese nets, are relatively cheap and
are not expected to provide service for more than two seasons. The meshes
of Taiwan nets are smaller than those of Japanese nets, measuring 94 mm
compared with 115-120 mm. Fishing about 400 shackles of gill nets per day,

the Taiwan vessels usually begin setting by 1600 to 1700 and retrieving the
nets at about 0100 to 0200,

Purse Seine Fisheries

The purse seine takes fish at or near the surface. It is widely used
for capturing schooling fish such as sardine, horse mackerel, tuna,
mackerel, salmon, anchovy, herring, menhaden, and bonito. Purse seines
usually have large numbers of floats to provide the necessary buoyancy to
keep the net afloat at all times when the rings are pursed during retrieval.
To prevent the fish school from escaping from the lower end, the net must be
fast sinking yet have webbing as thin as practicable. Consideration must
also be given to properties of the webbing, that is, it should be able to -
withstand tension, impact, and friction during setting and retrieving. The
type of net fabricated depends on the target species; for example, night
fishing for horse mackerel and mackerel does not require a fast-sinking net,
but the webbing should be stiff enough to overcome deformation by currents.
In daytime sardine seining, the net should be fast sinking. For tuna sein-
ing where setting is done at high speed, the net should not only be fast
sinking but also be strong enough to resist the impact of tuna rushing into
it to avoid capture (Nomura and Yamazaki 1975). Specifications for various
kinds of purse seines used throughout the world are given in Table 7.

The purse seine can be classified as a "surrounding net" with or with-
out bag. A lampara net is an example of the former, whereas a ring net is
typical of the latter. The actual function of the seine is to form a
curtain or wall of netting when a school is surrounded. The seine is buoyed
at the top, weighted on the bottom, and has either a large central bunt and

*Low, L.-L. 1982. Memorandum issued 13 December 1982, on "Taiwan

squid fishery in the North Pacific." Natl. Mar. Fish. Serv. Northwest and
Alaska, Seattle, WA 98115, 5 p.




60

Table 7.--Specifications for various purse seines used throughout
the world (adapted from Nomura and Yamazaki 1975).

Major part of net Depth of net -
Stret- Num- |Length | Number Depth
. ched | berof of of mesh | (m)
No. Main species of fish Country | Fishing mesh yarns | net in
‘ area size | (210d) | (M) | depth
(cm) y L n
1
1 | Herring Canada | British 35 15 440 2650 93
. Columbia
2 | Herring Iceland | Ic. Waters 31 9 400 3600 110
3 | Herring Iceland | Ic. Waters 3.1 9 445 2000 60
4 | Herring & Mackerel Norway | Bergen 3.6 9 380 2660 . 96
Coast
s Herring Norway | Bergen Ct. 1.5 4 325 4000 60
6 ] Herring U.K. Irish Sea 4.8 O## 190 1000 48
7 | Yellowfin Tuna U.S.A. | California | 10.5 1204## 780 750 80
Waters
8 | Bluefin Tuna Japan | Pacific 18.0 36# | 1250 1500 270
Ocean
9 | Bluefin Tuna Norway | Bergen Ct. | 19.4 36 670 520 100
10 Horse mackerel & mackerel | Japan | East China 3.75 12# 900 7500 280
Sea
11 Sardine Japan Pacific Ct. 4.0 12# 600 3500 140
12 Menhaden U.S.A. | Atlantic 3.75 9 600 3800 83
’ Coast
13 | Salmon Canada | Pacific 9.0 4S## | 400 3s0 30
Coast
14 | Cod Norway | BergenCt. | 7.0 21#4 380 860 60

short wings, as in the'lampara net, or has purse rings through whic@ a »
pursing line passes to close off the bottom. The lampara-type'net is used
for horse mackerel, mackerel, anchovy, sardine, tuna, and bonito. Most

present-day seines are made of nylon, vinylon, tetoron, and kyokurin (Nomura
and Yamazaki 1975).

In purse seining, the fish school is first spotted and encircled with
the net. After the net is set, the purse line that runs through rings on
the bottom of the net is closed and the net is hauled with a powver block.
First to be retrieved is the lower part of the net with the rings. By haul-
ing the net uniformly, the fish school is concentrated in the bunt, which is
usually strengthened to withstand the strain. The fish school thus concen-

trated is then removed from the bunt in small portions with scoop nets (von
Brandt 1964).

Fishing with purse seines can be classified into one-boat and two-boat
operations. The advantages of a one-boat operation are that it is not labor
intensive, the net can be shot in rough seas, capital investment is’ smaller,
and operational expenses are less. Disadvantages are that the net cannot be
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set in shallow water, more time is needed for setting and hauling, and
hauling is difficult in swift currents. In a two-boat operation, the seine
can be set in shallow water, time of setting and hauling is reduced, and
hauling in swift currents is relatively easy. The disadvantages are the

need for larger crews, inability to operate in rough seas, and higher opera-
tional expenses (Yamaha 1984).

Net construction differs according to the species sought. In a one-
boat operation to catch mackerel and large horse mackerel, nets are fabri-
cated from webbing with No. 21 to 24 (yarn number) twine, stretched mesh
size of 5-6 cm, and a buoyline varying anywhere from 495 to 975 m; the ratio
of the bunt depth to the buoyline length is 0.08 to 0.15. For sardine and
small horse mackerel, however, the net used has No. 18 to 24 twine and mesh
size of 3.3 cm (Nomura and Yamazaki 1975), and the buoyline for a sardine
purse seine used in the one-boat operation has a buoyline of 340-500 m with
a ratio of bunt, depth to buoyline length of 0.10 to 0.20.

In two-~boat purse seining, the bunt has No. 18 to 21 twine and 5-6 em
mesh for catching mackerel and horse mackerel. Sardine seining requires a
net with No. 6 twine and 1.7 cm mesh. Fishing in bays and inlets requires
yet another net with No. 4 to 6 twine and 1.1 cm mesh. Tuna fishing
requires a net with No. 60 to 80 twine and mesh size of 9 cm in the bunt
(Nomura and Yamazaki 1975). For two-boat operations, the net is 580 to
1,000 m long at the buoyline; the ratio of the bunt depth to the buoyline
length is 0.18 to 0.25. The two-boat sardine purse seine is 270-780 m at
the buoyline with a ratio of bunt depth to buoyline depth being 0.20 to
0.30 (Nomura and Yamazaki 1975).

Coastal Purse Seine Fisheries

Data available on the Philippine purse seine fishery, which contributed
about a third to the 1980 commercial fish production, indicate that there
were 313 seiners operating in 1975; however, the number reached 413 seiners
or about 17% of the commercial fishing fleet by 1980 (Encina 1982). The
seines used are about 457-494 m long and 82 m deep. Fishing is done at
night with lights to attract phototactic species. The most important
commercial species taken include round scad, chub mackerel, yellowfin tuna,
sardine, bigeye scad, herring, jack mackerel, saury, and anchovy (Bureau of
Fisheries and Aquatic Resources (BFAR) 1975; Shomura et al. 1975). A fish-
ing gear similar to the purse seine, called the ring net, is also used in
the Philippines. This net combines the features of the round haul seine,
which has the bunt in the center flanked by two wings, and the purse seine
(Encina 1982; White and Yesaki 1982). This fishery had 158 units operating
in 1980, and the principal species taken included round scad, bonito, skip-
jack tuna, frigate tuna, mackerel, and chub mackerel (BFAR 1975).

The surrounding net in Japan has overtaken the trawl as the single most
important gear in terms of total catch. With the enactment of the 200-mile
fishing zones, Japanese trawlers were forced t6 phase out operation in many
traditional distant water fishing grounds and fish closer to their
homeland, thus contributing to the relative increase in the surrounding net
fishery from local waters (Yamaha 1984). 1In addition, techmological
advances in electronic fish finding equipment provided the surrounding net
boats with a greater advantage, thus contributing immensely to their fishing
efficiency, particularly in the sardine and anchovy fisheries.
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The Japanese surrounding net fleet may be divided into three classes:
large-scale boats of over 40 GT (constituting 76% of the fleet), medium~
scale boats of 5-40 GT (making up 22%7), and small-scale boats of <5 GT
(accounting for 2%) (Yamaha 1984). :

The surrounding net fishery is also divided into geographical regions
in Japan. There are "northern surrounding net fisheries" which target
members of the mackerel, sardine, and anchovy families in offshore waters of
Hokkaido and northeastern Japan, the "west Japan surrounding net fisheries"
vhich fish mainly for mackerel, horse mackerel, and sardine in the East
China Sea, and the "pelagic surround net fisheries" for skipjack and other
tunas in the western tropical Pacific.

The surrounding nets used in Japan are seines with or without pursing
lines although the former type predominates. They are set by one or two
boats, although recent trends have been to a one-boat operation. Sardine,
horse mackerel, and mackerel make up 90Z of the surrounding net fishery
catch with smaller quantities of skipjack and other tunas, yellowtail,
dorado, and Atka mackerel included in the remainder. Imn the small- and
middle-scale surround net fisheries, boats in the 14.9 to 19.9 GT class are
the most numerous. Net specifications for this fishery are shown in Table

8. A smaller seiner, for example, in the 8-9 GT class, will use a smaller
net (Table 9).

Table 8.--Specifications: Purse seine fishing gear (Yamaha 1984).

Name Sign Material No.ofyams | Mesh size Depth Length
A Nylon 210D, 18y. 2Z3mm 200 Bm

B1 Nylon 2100. 12y. 23mm 2,800 78m

Bunt B2 Nylon 2100. 12y, 23mm 2,000 75m

83 Nylon 2100, 12y. 23mm 2,400 __75m

B4 Nyion 210D. 12y. ZImm 2,800 75m

(%] Nylon 210D. 12y. 23mm 200 75m

[ov Nylon 210D, 12y. 23mm 6,000 5m

c3 Nylon 2100. 12y. 2Z3mm 400 ~ 900 75m

Body D1 Nylon 210D. 9y. 23mm 6,400 75m

D2 Nylon 210D, 9y. 23mm 6,800 75m

E Nylon 210D, 9y. 28mm 400 75m

F1 Nylon 210D, 36y. 60mm 200 5sm

F2 Nylon 2100, 36y. 60 mm 100 75m

(o] Nylon 210D, 12y. 2mm 200 75m

Wing 03 Nylon 210D, 9y. 23mm 6,400 75m

D4 Nylon 210D. 9. 23mm 6,000 75m

F3 Nylon 2100. 36y. 60mm ) 400 5m

G Nylon 210D. 60y. Amm 20 975m

Selvedge [ Nylon | 210D.60y. | 34mm 20 975m

{No. of meshes)

Table 9.--Net Specifications for small Japanese purse
seiners (Yamaha 1984).

Mesh size
Fish sought Material Thickness (om)
Horse mackerel and mackerel Nylon 28
Adult sardine Nylon 210D 16
Half-grown sardine Nylon /. 9-12 y 12

Sardine fingerling Nylon 9.7 or 10
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In the two-boat operation where fishing is confined to daytime, the

load of the net is shared by the two boats which are linked at the bow while

traveling to the fishing grounds.
pursing wire winch and a net hauler.
boats, and nets used for various two-boat purse seine fisheries operating
in the coastal waters of Japan.
various one-boat and two~boat fisheries are given in Table 11.

Each seiner is equipped with its own

Table 10 gives data on fishing grounds,

Detailed specifications for nets used in

Table 10.--Various two-boat purse seine fishing operations (Yamaha 1984).

. Luring-iamp type . .
Sardine & horse y Gizzard shad Hemisamph purse " . .-
Fishery mackeral purse seine masca;edr'e"ﬁgr::' :ine purse seine seine Sardine purse seine Sardine purse seine
T Kujukurihama Kii channel " “Amakusa-nada Shieanui-kai
Fishingground | Chiba Pret, Wakayama Pref. _ Kumamoto | Kumamoto Pref. Osaka Bay Suruga Bay
Water depth Under 50m 40~80m 40 ~60m 3040 mm Under 50m 200 ~ 300m
Anchovy, horse : Anchovy, sardine,
Sardine, horse
i mackerel, grunt, mackerei, barracuda, ine. |
Catch s’":gk;';';kgmr'm mackerl, mackerel Gizzard shad Hemiramph Umazura-hagi ™ “f::":‘a mnk&d
and ar :‘° oy scad and marusoda {Navodon modestus)
orui {Anxis tapeinosoma) - and harvest fish
. All year round All year round Oct. 10 Apr. Nov. to May
Fishing season {peak— Sept. 1o Dec) | (peak-Apr. 10 Jul) | tpesk— Oct. to Dec.) | ipeak—Dec. to Mar.) Jun. to Nov. Aug. to Nov.
Fishing boat Under Stons Under 5tons Under 5tons Under Stons 19.7 tons 19.9tons
ipurse-seines)
No. of crew 24-30 35~-40 6-~8 8~-8 - R
Net size
(Buoy side tailored 300-~-350m Approx. 600 m 100 m 70-~240m s00m 200m
tength) ) :
Net material Nvion/ Cremona Cremona Cremona Cremona/Nylon Nylon Nylory
. _ Body 16mm Body 22~20mm ) Body 11.6~11mm
esh size B~ 22mm Wing 18mm 38mm Wing 19~ 18mm 1~ 10.8mm Wing 9.8mm

Table 11.--Specifications for nets used in various one-boat
and two-boat fisheries (Nomura and Yamazaki 1975).

Net Buoy line Lead line Note
Kinds of N:';" '“:;" “’;‘}’" Mesh |Length {Finished {Shoni-|Length | Finished | Short-

purse seine parts | materials| yams size | of net fength |ening | of net | length | ening
Two-boat type tra- | ‘Bunt |Kyokurin] §~9 1.9 390m | 312m | 20% | 390m | 312m | 20%
ditional purse seine | Wing - 4 1.9
One-boat horse _Bunt Vinylon | 18~24 54 1212 738 39 1363 818 40 Depth of net: S9m
mackerel Wing - 12 [ Weight: 5,733 kg

— Ditto ~ Blfnl ”» 18~24 30 1027 690 33 Depth of net: 272 m

. Wing g 12~18 | 3.0 . Weight: 8,850 kg
One-boat large Bunt g 16 2.6 570 342 40 $70 400 30 |Center part: 8 yarns, .
sardine Wing " 8 33 3.3 cm, 82 picces
One-boat medium Bunt " 16 2.0 480 288 40 480 336 30 Center: 6 yas. 2.2 cm,
sardine Wing - [ 2.2 100 Mesh, 82 pieces
6, 1.6, 100, 30p
One-boat small Bunt . 12 L7 ;

. ” 420 252 39 420 294 30 4,15 ~ 20
sardine Wing 4,6 | 14 6,20, ~ 24p
Two-boat horse Bunt " 30 4.3 1090 586 46 Depth of net: 106 m
mackere) Wing " 24 6.0 Weight: 4,500 kg

— Ditto ~ Bunt |Kyokurin{ 18~21 | 3~3.8 1162 833 28 1182 994 16 Depth of net: 83 m
. Wing |Nylon 9~12 | 6.0 : Weight: 8,818 kg
Two-boat sardine Bunt ” 6 1.3 721 520 28 727 568 22 Depth of net: 112 m
Wing . 4 1.3 Weight: 2,430 kg
Two-boat anchovy Bunt - 6 1.6 517 2713 47 Depthof net: 11l m
Wing " [ 1 1.6 Weight: 2,370 kg
Two-boat tuna Bunt - 75 9.0 \[\)f:;l::l 37}3;:‘0!!'
and bonito Wing | Vinylon | 24~36 |15~18 [ 2503 1730 131 12503 B8 42Ty 00000 vinyiom:
5,840 kg
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In the northeastern Pacific, United States and Canadian fishermen use
purse seines of various dimensions in fishing for salmon and herring. The
specifications and construction diagrams of salmon and herring purse seines
used by Canadian fishermen are given in Tables 12 and 13. Imn southeastern
Alaska, U.S. salmon fishermen switch to purse seining during the offseason
for salmon (Ness 1977b, 1977¢).

For Canadian fishermen fishing in British Columbia, the maximum legal
length of salmon purse seine is 402 m in all statistical areas except in
the Strait of Juan de Fuca where purse seines may be up to 549 m. Purse
seines with stretched meshes <90 mm are not permitted, and in some areas
seines with stretched meshes of <102 mm are not allowed on or after 20
September. Canadian seiners fishing for pink, chum, and sockeye salmon
numbered 532 vessels in 1980-81 (Beacham 1984a, 1984b, 1984c).

In the U.S. Pacific coast salmon fishery, three types of purse seines -
are commonly used: ‘

Puget Sound seine.--A long, deep seine of standard construction but
often differing in minor details according to fishermen preference and
netmaker's specifications.

Jitney seine.~-A short, shallow seine of Kodiak and other Alaska areas,
tailored to regulations of the Alaska Department of Fish and Game.

‘Alaska limits purse seines to a maximm of 457 m with shorter maximums
for some areas. In southeastern Alaska, the maximum permissible length is
457 m and the minimum is 274 m. Furthermore, no net may be <25.5 m or
deeper than 35.7 m. This net is as representative as any in the salmon
fishery in Alaska. In other areas of Alaska, different regulations apply.
For example, in Prince William Sound, the minimum length allowable is
228.6 m whereas the maximum is 274 m. The minimum depth is 17.4 m, the
maximm is 31.1 m. In the Kodiak area, purse seine lengths from 183 to 377

m are allowable but at least 91.4 must be 150 meshes deep with a minimum
depth of 200 meshes.

Drum seine.~-The Washington State and British Columbia drum seine is
short (400 m), rather shallow (300 meshes). The seine is actually rectan-

gular with corkline and leadline nearly equal instead of having a short
leadline as in regular seines.

High Seas Purse Seine Fisheries

Purge seining for tuna began as far back as 1914 when nets fabricated.
Primarily for capturing "whitefish" (barracuda, sea bass, and yellowtail)
were first used. The subsequent development of a purse seine designed
specifically for tuna and the tuna fishery as it is known today is well
doumented (Greem et al. 1971).

The early tuna purse seines were fabricated of cottom netting but
rapid deterioration of this material limited successful development of the
tuna fishery. Two major technological developments~-the nylon net and the
power block--gave a tremendous boost to the fishery. These innovations
also saved time and increased efficiency and fishing effort by allowing the
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Table 12.--Specification8 for a Canadian "swiftsure" salmon purse seine
(Food and Agriculture Organization of the United Nations 1965).

Data Sheet " FAO No.3I12

NAME OF GEAR: nSwiftsure” Salmon Seine NIid 3pecies casghl: Mature sockeye Veussls Purse seiner
salmon AL 0.A
TYPE: Purse Seine - 9. Res 50 to 90 ft
COUNTRY: Canada Fishing conditions: Offshore, in Gross tonaage: 40 to 80
: g§00d weather, by day, orse powsr: 200 to 500
LOCALITY: Pacific Coast using power block, Horss po o
REFERENCE: P.J.G, Carrothers Crow: 8
- {1960) .
WEBBING A B [ b E F | number bt strips
§ 2 1 1 1 1
Matorial Nylon -~
Type of knot Single{{or doulle) - shdet bend = | =.¥
Preservation Oor |T
Colour Black

Twise size Tex| 1,800 [1,800 | 1,800 {1,100 |3,500 |1,800

Breaking kg, 1] (1] [T 37 91 .68
strength . 149 149 149 82 300 149
Stretched  mm. 75 75 90 - %0 128 90
nesh in. 3 3 1s1/2 [31)2 S |s1/2
m 36 36 750 750 190 82
Upper edge ¢ ‘90 % 410 40 40 "
Lower edge
Depth  (meshed) 100 100 25 100 50 25
Baiting rate None
Take-up.
Ssitedge Doublq twine ch both sides
Hangin =15 | C=13} 8 =15 » 2285 c~256} ¢ " 14
e x"""Azo B 20| C T10] E 4101 F 34
0.75 0.67% 0,73 0.7 0.825 0.41
LINES, ROPES s b c 4 . f- '3 h [
Matesial hihelbh ;
Nylon jpylene{ Nvlon} S.W.R _Nvioni ———ei Nylon Ny
Pressrvation None »{ Galv, None
Chicon- am. 50 30 50 45 50 12
ference is. 2 11/8 2 [13/4 2 11/4 .
»R. 18 10 16 14 18 11
Disneter in, s/8 /8 s/8 (Y41 5/A 118
Smaking &g | 5,000 [1,500 | 8,000 |9,000 |S,000 1,000
stongts . ho,000 {3,000 10,000 }8,000 }O, 000 8, 000 >
Twist Braid - Z Braid
Ly H_ > H M
Leagy o] 360 230 | 493 |. 550 |25§-20' A33-36} | 7324, 50 2522
M. | 300 400 270 300 {14 -16 | 18-20 |75x2 sx1 Y8
{1} (2) (3) {4) (5)
FLOATS, Floats | Sinkerp Purse End Seine
Rin, Inshore nylon salman seines are similar
SINKERS g® | Rings Ring but not so deep,
Rurber et vvien 4
Bsteriat m Lead ISt_m%eu Brass | Monel
Shape Cyl. 0 split | Torus | Torus
Dismeter "] 127 38 19 | 12.7 19
in. s _[13/8 |3/4stoch 1/2 stk) 374tk
| 121 s 102 76 10
Lom n. 143/4 13/8 14 wide 13 wide 4
Statie kg | 1,08
booysscy .} o«
Weight x| 012 fomn
in ait i § 0,27 0,25
Veigt kg 0.1
Jubavred Ih 0.23
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Table 13.--Specifications for a Canadian winter herring purse seine
(Food and Agriculture Organization of the United Nations 1965).

Data Sheet FAO No. 30!
NAME OF GEAR: Nyloa Winter Herring Seine Mai species cavpM: Mature Herring Vossels Wood or steel hull
N Fishing conditions: Up to 100 miles from .
TYPE: Purse Seine, port in inshore waters (tides over two L.0.A3 60 - 90 ¢
COUNTRY: Canada knots not fished). Spawning or feeding GCross tonnage: B0 « 200
. schools of fish are located by echo- .
LOCALITY: Pacific Coast sounders and at night are concentrated Horse powes: 200 - 500
REFERENCE: P.J.G. Carrothers by mercury arc lights., The net is set Crew: 8.9
{1960) around the school and hauled immedia~
tely, reaching to about 30 fm maximum from the surface,
A B Cc D E F G H 1
VEBBING 1 1 & 1 1 1 1 ! 1 No. of birive
Material Nylon
Type of knot =
Preservation T
Colosr Black
Tex K
Twine size 1250 540 460 460 380 540 2200 1250 1250
Brasking kg 54 23 20 20 17 23 N 54 54
strength || % 120 59 45 45 38 50 200 120 120
Strotched  am, 38 81/2| 231/2 | 28172 35 |281)/2 127 89 89
sk s J11/2 11/8] 11/8 11/8 |1 3/8 11/8 S 3172 31/2
v ol 670 13 3 625 625 700 700 68 72 | strip leggth in m
ppef sope 358 40 40 342 342 382 382 37 43 | strip ledgth in fn
Lowst edge
Depth 25 200 200 200 200 200 25 H 5 | meshes jper stri
Baiting rate None
Take-vp Selvedge twine(s) only
Selfedpe Double elvedge on both pides of 3§11 strips| é
Hanging Directl y to linep: 80% af bust; 7% in bo. y - leamgdline 2 jhorter /O fm
LINES, ROPES 3 a 13 3 [} e £ g h [ 3
Uaterial Polydac s, O 7P7{Potydac| SWR [Polyd Manila
Preservation :
Chrevs- BE. 57 51 29 45 45 51 87 38 35
ference in 21/4 2 11/8 13/4 113/4 2 21/4 11/2 13/8
am, 19 16 91/2 14 14 16 19 13 12
Disneter in, 3/4 $/8 3/8 9/16 | 9/16 5/8 374 /2 18/32
Breaking kg | 4150 ' | 3150 1350 2550 | 8200 3150 2450 1200 1020
sbength I | 9300 | 3900 3000 | 5600 18000 | 6900 5400 2650 2250
Twist z z Braid z z z z
Ly M M 5 M 3 M S
Length [ B 110 440 585 530 640 51 44 7 so 4.%0 2,30
LS 60 240 320 290 | 330 28 24 31 27 1 23/2 1 11/4
[1}) {2) (3) {4) {5) (6)
FLOATS, Floats lsm)mr- Purse Grave}
SINKERS Rings Rings
usbes 7
" 2100 9280 82 2 z 3 Floats, sinkers and purse. line bridies
Material 1}:1::'::1- Lead | Monel Brass are spaced uniformly along the seine.
Shape Cylinder} O Torus
.. 150 32 171/ 12172
Dlametse 6 11176 N6 diock 5710k 120mck
ns. 9s 16 100 100 18
L
Lonith In. LYZ I ] 4 [} 3
Static - g 1.6
bvoysncy b | 3472
Weight k.| 0.16 0. 11
in it ». 0. 36 0.25
Veight kg, 0.10
sutmerged  Ib, 0.23 .

[P

Cves et o

| o ¢ g0 P 9t mnt
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seiners to set and retrieve the gear faster and to increase the number of
sets possible in 1 day.

Purse seines and purse seiners have increased in size over the past
two decades. During the early 1960's, a typical seine was 420 m long by
seven strips deep (ome strip = 100 meshes) (McNeely 1961). A net described
by Coe and Vergne (1977) was 1,280 m long by 13 standard (10.8 cm mesh)
strips deep. The maximum size net used in the newly developed purse seine
fishery for skipjack tuna in New Zealand waters measured 1,682 m long and
263 m deep (Habib et al. 1980). The purse seines have also undergone
modification by addition of a Medina panel which is a replacement webbing
of 5.1 cm stretched mesh in the top strip of the net in the back-down area
(Barham et al. 1977). This modification evolved as an effort by U.S. tuna

fishermen to reduce mortality of porpoise which are caught in the tuna
purse seine.

In the eastern Pacific tuna fishery, the number of boats in the inter-
national fleet operating each year from 1965 to 1982 ranged from 244 to
397. 1In 1982, of 262 tuna fishing boats participating, 220 boats or 84
were seiners (Inter-American Tropical Tuna Commission 1983). The number of
tuna seiners in 1982, by size classes, is given in Table l4. Specifica-
tions of a U.S. tuna purse seine are given in Table 15.

Most Japanese tuna seiners operating in the western Pacific fishery
for tuna are considerably smaller (250 to 500 GT) than the average United .
States seiner; however, there are a few United States type seiners in the
1,000 GT class. The purse seines used by Japanese vessels, however, are
larger than those used by United States seiners in the eastern Pacific,
varying from 1,025 to 2,400 m long and with depths of 110-350 m.®> Some of
the larger nets are used in two-boat seining. '

Table l4.--The number of tuna seiners, by size class, fishing

in the eastern tropical Pacific (Inter-American Tropical Tuna
Commission 1983).

Class Carrying capacity (short tons) Number Percent
1 <51 ' 1 0.5
2 51-100 21 9.5
3 101-200 : 16 : 7.3
4 201-300 16 7.3
5 301-400 13 5.9
6 >401 153 69.5

Total A 220

ST. Otsu, trip to Japan report, 31 January to 22 February 1975. )
Available Southwest Fisheries Center Honolulu Laboratory, Natiomal Marine
Fisheries Service, NOAA, P. O. Box 3830, Honolulu, HI 96812.




68

Table 15.--Specifications for a U.S. tuna purse seine (Food
and Agriculture Organization of the United Nations 1965).

RAME OF GEAR:

Tuna Purse Seine

Data Shqet

Maiz species caaght: Tuna (yellowfin,

FAO No. 310

Vessels Purse Seiner

TYPE: Purse Seine skipjack) L.0.A2 N3 to190 ft
COUNTRY: U.S.A. Fishing conditions:  Off-shore, using Gress tomnage: 125 to 00
LOCALITY: California power block _Horss pewer: 800 to 2, 000
REFERERCE: R.L. McNeely, Crow: 12t018
"Pacific Fisherman", June 1961,
A1 X2 B [5 D E F
WEBBING $Sx4 P43xy 3x4 |4x1 3 4 2 {Numbeg¢ of strigs)
Waterial Nylon >
Type of knot . = o>
Presarvation [s]
Colour
tex
Twins size 3,100 3,100] 4,200 5,000 S, 000 §,000| 5,000
Bresking kg, 170 170 212 250 250 250 250
strength . 373 7S 468 585 - 588 5355 553
Stratched  mm.| 108 108 105 . 203 106 127 127
nesh .| 4178 | 41/8) 4178 3 41/8 5 5
m, 185 210 36, 210 17} 210
Uppersdge ¢ | 9o 1ns 2s ns 42] ns
Lowes sdge 125
Depth (meshes)| 100 100 100 50 10 104 15
Baiting rate
Take-up
Selfedpe ;\k
. a* 90 [ K 1]
Hanging £ 100 E oo
LINES, ROPES a b e d d1 dz . f 4 h i J
Uaterial Nyon [eh5Tnd Nylon | W% | TOLE | it | chaim | chain | epam etholie | Nylon | Nylon
Preservation
Circum- [ 8
ference in.
o 19 16 18 18 19 16 11 s s 13 s 5. 000
Ohoeter  n | /e | osrs | sin | st s | oo 3T ERVZER IR Y7 Y, S IRV C 4
Bisaking kg
strength 0,
Twist
Lay :
Loagth o, 780, J10x7 82 800 200 292 170 124 240 1.80
] 425 {10x42f 4s : 110 180 420 lnke | links| 1
) 2) {3) {4) (6] {68)
Purse Zipper
FLOA Link ppe
SINKE% Floats rings * | Binee rings BrEc’:Wetl
Number 7,000 75 75 350 20 2
- Materia) Plastic | §t0y | GV
Shape eyl, ring | link ring ring |triangle
lamet am.f 152 19 18 13
v in. (] 5/8 3/4 1/2
", ) 254 100 76
Lenth ia. 33/4 10 4 3
Statie kg. .3
buoyascy b, 2,9
Weight .
in air b,
Veight [T
subaerged I, '
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In the fishery for bluefin tuna off Japan, the Japanese seiner uses a
net 1,250 m long, and the deepest part of the net is about 1,500 meshes
deep, each mesh measuring 18 cm stretched for a total depth of about 270 m
(Nomura and Yamazaki 1975).

Trawl Fisheries

The trawl fishes in midlayers down to the sea bottom or just off it
for flatfish, shrimp, cod, haddock, rockfish, pollock, and other groundfish.
species. Basically, the trawl is a towed bag net, with a wide mouth at one
end, which tapers to a narrow opening (cod end) that is tied shut during

hauling. The funnellike shape of the net guides the fish towards the cod
end. '

The construction of a trawl net is extremely complex. It is fabri-
cated from several panels cut according to a prescribed formula. Joining
the resulting panels and ropes to form the net requires considerable knowl-
edge of the dynamic forces imposed on parts of the net under operational
conditions. Also, allowance must be made for unexpected extraordinary
forces which may be exerted irregularly on the net.

The leading portion of a trawl net is called the wing, which leads
backward to the body or belly (Lippa 1967). The belly then tapers off into
an intermediate section and finally the cod end. The lower leading edge of
the trawl mouth is hung to the footrope. The top edge of the trawl mouth
is hung to the headrope as are the floats. The webbing can be either
synthetic fiber or cotton. Mesh size of the webbing can vary widely from

80 to 240 mm; whereas the cod end can have meshes of 15 mm depending on the
target species.

Several methods are used to keep the mouth of the trawl from collaps-
ing during hauling. One is the use of a heavy horizontal beam. Beam
trawls may be used with heavy "tickler chains," which are dragged along the
- sea floor in front of the net opening between the two guides on which the
beam rests, to frighten fish. Being the original gear of the old steam
trawvlers, beam trawls are now used only on small vessels. The trawls can
be towed in pairs, one on each side of the vessel; however, such operations

can decrease stability unless the vessel is spec1f1ca11y designed for
handling two trawls (Nomura and Yamazaki 1975).

Another method is to use two vessels. This method, called "bull
trawling," uses a large net which can be hauled at great speeds. The most
recent and widely used technique for spreading the trawl net employs large,
flat boards or metal plates (otter boards) which can be rectangular or
oval. The "doors," as they are commonly called, are attached to each side
of the net (Nomura and Yamazaki 1975). The horizontal force provided by a
pair of otter boards, which essentially act as "kites," keeps the mouth -
open as the net is towed through the water. Vertical forces are supplied
by floats attached to the headrope and by weights attached either d1rect1y
to the footrope as in the bottom trawl or on the lower spreading wires
joining the footrope to the doors as in the pelag1c trawl. The doors
contribute significantly to the sinking forces in both types of trawl (Kerr

1972). The depth of tow can be regulated also by the amount of warp paid
out and by adjusting vessel speed.
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For the pelagic and semipelagic trawl, one of the basic requisites is
the use of high-tenacity synthetic twines. Netting yarns, in addition to
having high wet-knot breaking strength, should have particularly high
extension and elasticity to equalize differences in load distribution in
the fore net, thereby reducing the danger of shock loads bursting the net
in heavy seas (von Brandt and Klust 1971).

The semipelagic trawl was fabricated to overcome problems in getting
the mouth opening of the net to sweep the water column for fish that
concentrate just off the bottom and outside the normal range of bottom
trawls which have low vertical openings. Although vertical openings of
these trawls can be stretched by various means, such modifications to the
net usually produce a reduction in the horizontal width. - New construction
methods using four and six seams have produced nets of high vertical and
wide horizontal openings which are considered best for bottom trawling.

There are some important differences between midwater and bottom
trawling (Kutakov et al. 1971)., These are:

0 Because midwater trawling is aimed trawling, searches are made for
schools of fish with hydroacoustic instruments. Upon detection,
the vessel determines the school's depth and maneuvers into posi-
tion before shooting the net and dragging through the school.

© Because midwater trawls fish in the water column between the
seabed and sea surface, fish are able to dodge the oncoming net;
therefore, midwater trawl nets are constructed symmetrically, that
is, their top and bottom panels are equal. There is no overhang
as in the bottom trawl or reverse overhang which exists in some
trawls where the footrope moves ahead of the headrope.

© The mouth area and the towing speed of a midwater trawl consider-—
ably exceed those of a bottom trawl. The increased resistance of

the net being hauled through the water column, however, requires
increased power of the main engine.

The length of time that a trawl is towed is dictated by the catch
rates prevailing. At the end of the tow, the net is hauled aboard and the
cod end emptied of fish. Demersal trawls, which are designed and used

primarily to scrape the sea floor, are particularly subject to damage and
frequently to complete loss. :

Coast Trawl Fisheries

In Japan, coastal small~scale trawls in use can be classified into
four types, as follows:

o TIravl without beam.-~Simplest of the trawls, this type consists
of a net without an opening apparatus at the mouth. These trawls
are either towed with one or two boats or are fastened to out-
stretched poles at the bow and stern of a vessel which makes use
of tidal currents or wind power to get the fish into the net.
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o Beam trawl.--This type of trawl has a beam of bamboo, wood, FRP,
or metal to spread and hold the net mouth open.

0 Dredge net.--The net has a wood or steel frame with claws made of
steel or other types of metal. This dredge digs into and scrapes

the sea floor as the net is towed and is used mainly for shell-
fish.

o Otter trawl.--The most highly developed among the tréwls (Yamaha
(1982b).

‘These various types of coastal small-scale trawls can be hauled either

by side trawling or stern trawling; the latter is considered more efficient
but requires a net hauler.

Except for the dredge, the other trawls are hauled either near the sea
bottom or in midwater, depending on the conditions of the fishing grounds
and the target species. The Japanese also engage in another type of fish-
ing where the net is hauled near the surface layers, but this type is
usually referred to as boat seining and thus is distinguished from trawling.

Concentrating on flatfish, cod, and hairtail as the major target
species, the small-scale otter trawl fishery is a good representative of a
coastal trawl fishery in Japan. In such small-scale trawl fisheries, the
fishing gear and methods vary according to the species sought. For
‘example, a vessel may fish with a small-mesh (20-mm stretch mesh) trawl
throughout the year for various miscellaneous species but switch in winter-
spring to a chain net (20-mm stretch mesh) for flatfish or in spring and
autumn to a large-mesh (80-90 mm stretch mesh) net for sea bream and
skipjack tuna (Yamaha 1982a).

The small-scale otter trawl has the following specifications (Table 16).

Table 16.--Specifications for a Japanese small-scale
otter trawl (Yamaha 1982a).

No. of meshes

No of threads Mesh stretched No. of

thickness (mm) Width Length sheets
Wing net . 12 28 100 100 2
Wing net 12 28 100 100 2
Wing net 12 28 100 100 2
Ceiling net 12 23 200-100 200 1
Belly net 12 28 100 © 300 2
Side belly net 12 28 100 300 2
Bag net 12 20 100 100 1
Fish catching section 12 20 100 7200 g

Patch 12 20 100 200
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o Towing wire rope is 8-9 mm diameter, and its length is three to
four times the water depth.

) Otter boards made of wood or resin with sizes not to exceed 60 x
125 em,

© Wing net, ceiling net, belly net, and bag net of nylom, 12 ply.
0 Float of foam plastic.

0 Sinker of iron or ceramic.

The boats operating in this type of fishery are usually constructed of
FRP, with hull weight of 4.4 tons and a full load displacement of 9.54

tons, Overall dimensions are 14.04 n long, 32.60 m wide, and 1.63 n deep
at midship,

A fishery that operates net gear in coastal shallow water and in bays
is the dredge-net fishery which catches not only shellfish as was done in
years past but nowadays also targets crustaceans and demersal fish.
Because Japanese fishery statistics combine dredge-net catches with beam
trawl catches, it is not possible to determime exactly what species are
taken by this fishery; however, based on combined beam trawl-dredge net
catches, the species include horse mackerel, mackerel, flatfish, cod, Atka

‘mackerel, thornyhead, sailfin sandfish, drum, croaker, lizardfish, purple
pike conger, cutlassfish, ray, sea bream, sea bass, sand lance, shrimp,

crab, squid, octopus, ark shell, and sea slug (Yamaha 1983b).

e e iR R D

Dredge nets vary widely. If the vessel is targeting demersal fish or
crustaceans, the iron frame with dredge teeth is fabricated so that it
slides over the sea floor on a pair of runners; special weights are added
to the runner when fishing for shellfish. The total weight of the dredge
net depends on the engine horsepower and towing capacity of the boat.

There is no standard shape or size or opening on these dredge nets.
The usual size of the iron-frame assembly is 250~300 cm wide and 20-30 cm
high, overall, when it is fitted with a fish or shrimp dredge net; however,
it is 30-40 cm high when fitted with a shellfish dredge net. The dredge
net is fabricated of polyethylene netting; mesh size varies according to
the target species. For shellfish, the mesh is 60 mm; for demersal fish
-and shrimp, the meshes are 35-43 mm and 28 mm, respectively.

.

Along the British Columbia coastline, trawlers catch some 30 species
of commercially important bottom fish including sole, cod, lingcod, rock-
fish, and shrimp (Lippa 1967).

. Most of the Canadian trawlers are purse-seine vessels like those of
the United States Pacific coast. These trawlers are stout, beamy, have a
broad undercut stern, and have a wheelhouse and galley located forward
(Lippa 1967). Deck space is aft and quite ample. Powered by diesels of
60-300 hp, the vessels are between 9 and 30 m long and between 5 and 100
GT, although the typical vessel is closer to 25-49 GT.

The fleet is made up of (1) year-round trawlers (fishing more than 8
months per year), (2) seasonal trawlers (4-8 months per year), and (3)
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part-time or incidental trawlers (<4 months per year). Vessels are classi-
fied either as single-gear trawlers, which tow from a single point (usvally
starboard) on the vessel, and double-gear trawlers, which tow from two

points on the vessel. Many vessels use a reel on which the trawl net is
wound. '

There are two types of trawl nets used in the Canadian fishery; the
box trawl (or western or Pacific trawl) and the flat trawl (or eastern or
Atlantic trawl) (Lippa 1967). Usually, vessels up to 49 GT use the former;

larger vessels use the latter. Specifications of a Canadian midwater trawl
are presented in Table 17.

High Seas Trawl Fisheries

The high seas trawl fisheries in the North Pacific, perhaps the
largest fishery in terms of the number of vessels involved and the number
of species harvested, include fishing vessels from Japan, the U.S.S.R.,
Republic of Korea, Taiwan, Canada, United States, and the Polish People's
Republic. The species targeted by this fleet are shown in Table 18. In
the Bering Sea, pollock constituted 80Z and flatfish 112 of the catch. The
bulk of the catch was taken by Japanese vessels and Soviet vessels took
most of the remainder. Small amounts of pollock were also taken by the
Republic of Korea (Forrester et al. 1983).

Canadian and United States vessels fished mainly for Pacific halibut
in the Bering Sea region and small amounts of herring were also taken by
United States vessels (Forrester et al. 1983). This situation, however,
changed in 1984 (D. L. Alverson, pers. commun, 26 November 1984).

In addition to groundfish, there are directed fisheries for herring

conducted mainly by the Soviets, and for shrimp and small amounts of squid
by the Japanese (Forrester et al. 1983).

The number of Canadian, Japanese, and United States vessels fishing in
the Bering Sea region in 1954-70 and Japanese vessels fishing in the same
region in 1971-76 is shown in Table 19. The number of Canadian and United
States vessels operating in 1971-76 and the number of Soviet vessels oper-
ating in the Bering Sea are not available.

In the contiguous states and British Columbia, the major species taken }
are hake (35%), Pacific ocean perch and other rockfish (221), flatfish
(including Pacific halibut) (12%), pollock (11%), and sablefish (8%).
Soviet vessels caught 47Z of the groundfish, mostly Pacific hake, and Japan
accounted for 267, the United States 15Z, Canada 6%, and the Republic of
Korea 2Z. The Polish People's Republic also caught hake in 1975-76,
averaging 35,000 MT per year. The number of Canadian, Japanese, and United |

States vessels fishing in the northeast Pacific region in 1963-76 is given
in Table 20. '

Operations of the foreign trawl fisheries in the eastern Bering Sea,
Aleutian Islands region, Gulf of Alaska, and off the coasts of Washington,
Oregon, and California have been reported in detail by Pruter (1976),

Forrester et al. (1978), Bakkala et al. (1979), French et al. (1981), Nelson
et al. (1981), and Wall et al. (1981). '
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Table 17.--Specifications for a Canadian herring midwater trawl
(Food and Agriculture Organization of the United Nations 1965).

Data Sheet FAO No. 123
NANE OF GEAR: Canadian Midwater Trawl Mol species cought: Herring Yessels Canadian Fishing Boats
TYPE: One-boat midwater Trawl L.O.A: 60 - 15 £t (18 « 23 m)
COUNTRY: Canada Fishing conditions:  Fished at depths Cross teanage: 40 - 50
of 15 « 35 fm
LOCALITY: British Columbian Waters (27 « 64 m) Horse power: 150 - 175
. Bulletin No. 104 by W, E. Barraclough and .
REFERENCE: W.W. Johnson of the Fisheries Research Crew:
Board of Canada - Piolo ical Station -
imo. B.C l"Slf
YEBBING A B c D £ F G H 1 7
Matetial Nylon
Typa of knot =3
Preservation | 1R 50 -
Colowr As desirgd
Twine size Tex 690 450
Bresking kg, 19.9 14
streagth . £l ‘33
Steiched  mm, 127 114. 9 32
nesh Is, $ 4172 31/21 11/4
Upper edge 1 300 215 212 200 178 156 . 134 448 448
Lowes odge 75 234 175 78 178 156 134 nz 448 448
Oepth 75 50 1 100 100 100 100 100 100 100
Baiting ot grert—p 1p 4b 4pid P
B S ] C. S (D2
Toks-vp z*3l g c ls=%
Selfedpe
Hengin 04b , 52
e 1 S Sdnct iz
0.26 0.95 .13
LINES, ROPES ) 8 b e d . f
Materis) Comb, Br - Nyl SWR
Preservation Gal
Circun- el 4 25 29 (1}
fesence in. 1 3/4 ] 11/8 15/8
Dia na 14 ’ 10 13
et L34 SI18 EVTY 12
Braaking kg 1224 680 3003 7000
streagth 1Y 2700 1500 7840 16, 300
[+ i 6S Br 9x16 6x19s
Loy
Loogth .. 4.90 9.0% 52 0.90 § 54.90 56,70 | 18,30
ft 16 129 3/4 170 3 100 186 60
(1) {2) (3)
et Flosts | Board) Depressbre Hoadline (75 1/2ft {29 3/4'4 16 4 29 3/4°)
Number 11 2 2 Footrope : 23m {9.05 + 4.90 + 9,08}
[ 3787 X783 ime and winglines
teslal N ]
Shape
Dismetes ™% 203
In, 8
wa,
Leagth in,
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bwoyancy ).
Weight kg. 61
in ait n. 135
Weipnt [T
sbmerged  1h,

e ——— - 10n




Table 18,~-List of scientific and common names of fish species
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taken in the Alaska groundfish (Forrester et al. 1978).

Scientific name

English common name

(INPFC preference first)

Japanese common or
standard name

Sharks
- Galeorhinus zyopterus
Squalus acanthias
Herrings
Clupea harengus pallasi
Codfishes
Merluccius productus
Microgadus proximus
Theragra chalcogramma

Gadus macrocephalus
Rockfishes-
Scorpaenidae
Sebastes alutus
Sebastes brevispinis
Sebastes flavidus -
Sebastes goodei
Sebastes miniatus
Sebastes paucispinis
Sebastes pinniger
Sebastes ruberrimus
Greenlings
Ophiodon elongatus
Sablefishes
Anoplopoma fimbria
FLATFISHES
Hippoglossoides elassodon
Hippoglossoides robustus
Hippoglossus stenolepis
Lepidopsetta bilineata
Limanda aspera
Atheresthes evermanni

Atheresthes stomias
Eopsetta jordani
Microstomus pacificus

Parophrys vetulus
SHRIMPS

Pandalus borealis

Pandalus gonturus

Pandalus jordani

Pandalus platyceros

soupfin shark
Pacific dogfish

Pacific herring, herring

Pacific hake
tomcod

Pacific pollock, walleye
pollock, whiting, pollock

Pacific cod, true cod

rockfishes

Pacific ocean perch
silvergray rockfish
yellowtail rockfish
chilipepper
vermilion rockfish
speckled rockfish
canary rockfish
yelloweye rockfish

lingcod
blackcod, sablefish

flathead sole

flathead sole

Pacific halibut, halibut
rock sole

yellowfin sole

northern arrowtooth
flounder

turbot, arrowtooth
flounder -

petrale sole
Dover sole

English sole, lemon sole

pink shrimp
pink shrimp
pink shrimp
prawn

abura tsunozame
nishin

heiku, merurusa

suketo dara
ma dara, tara

menuke rui

arasuka menuke

gin menuke, kuro menuke
kin menuke, kiobire menuke
shu menuke

bara menuke, bokachio
orenji menuke

kojin menuke

kin mutsu
gin dara, hokyuo mutsu

uma garei, shiro garei
doro garei, shiro garei
ohyo

shumusu garei, asaba garei
kogane garei, rosuke garei

abura garet

abura garei

petoral nameta, tsubame
garei

nameta garei, baba garei
amerika nameta

igirisu garei

hokkoku aka ebi
benisuji ebi
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Table 19.--Number of vessels, by type and by country, fishing for groundfish,
shrimp, and herring in the Bering Sea region, 1954-76 (adapted from Forrester
et al. 1978, 1983). Source: Fisheries Research Board of Canada; Fisheries
Agency of Japan; Northwest and Alaska Fisheries Center, National Marine
Fisheries Service, U.S. Department of Commerce; and International Pacific
Halibut Commission.

Gill net Longline _ ) Trawl

United ' United ‘ : United
Year Canada Japan States Canada Japan States Canada Japan® Japan® States

1954  -- -— — -— - 2 -_— 11 -— -
1955 - -— -— - - 1 - 9 -— -—
1956  -- - -~ 2 - 3 - 13 - -
1957 - - -— - - 1 — 13 - -—
1958  — - - 14 3 7 - 29 - —
1959 - - — 20 6 19 - 64 - -—
1960  -- 3 - 31 29 35 - 165 - -
1961 -~ %138 _— 27 3138 34 - 243 54 —
1962  -- 367 -— © 33 367 43 - 225 70 -
1963  -- 112 - 53 115 52 - 148 93 -
1964 - 97 - 32 30 36 - 194 103 -
1965 -- 68 - 15 10 19 — 149 126 -
1966 - 55 - 11 9 4 - 129 172 -—
1967 - 53 - 19 7 17 i 198 173 -
1968  -- 88 -— 17 10 11 - 175 184 -
1969  -—- 64 - 16 10 7 - 186 182 —
1970  -- 12 -— 13 9 6 - 193 182 -
1971 -- 6 - - 13 -— - 182 182 -
1972 -- 28 - - 19 -— - 222 182 -
1973 - 14 - - 22 - - 154 182 -—
1976 - 11 — - 20 - - 177 182 -
1975 - 6 _— - 23 - -— 154 182 -
1976 - 10 - — 23 -— - 139 182 -

!Mother ship type groundfish fishery, North Pacific trawl fishery, and North
Pacific longline~gill net fishery; includes Danish seine, pair trawl, side trawl, and
stern trawl.

“Number of vessels licensed in the land-based trawl fishery; includes Danish
seine and stern trawl. These vessels operated in the Okhotsk Sea and waters adjacent
to the Kurile Islands as well as in the Bering Sea. Data are not available on the
number of vessels operating in the Bering Sea region.

3Some vessels operated both gill nets and longlines., A detailed breakdown by
gear type is not available.
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Table 20.--Number of vessels, by type and by country, fishing for ground-
fish, shrimp, and herring in the Northeast Pacific region, 1963-76 (adapted
from Forrester et al. 1978, 1983). Source: Fisheries Research Board of
Canada; Fisheries Agency of Japan; Intermational Pacific Halibut Commission;
Northwest and Alaska Fisheries Center, National Marine Fisheries Service,
U.S. Department of Commerce; Pacific Biological Station, B.C.

Type of vessel

Gill net ' Longline Purse seine Trawl} Pots?

United United . United United United
Yesr Canada®Japan States Canads® Japan States" Canada Japan States Canada’)apan States States

1963 -— 3 - 236 - 342 113 -- 19 77 4 268 18
1964 . - — 207 -- 227 115 - 24 82 7 265 18
1965 . - 189  -- 237 132 -- 28 74 13 264 22
1966 -— - - 212 -—- 298 146 - 30 79 25 272 15
1967 -— - — 151 6 286 74 - 25 81 26 312 20
1968 — - - 145 21 194 17 - 20 75 28 288 30
1969 4 — - 146 26 221 19 = 43 73 33 287 9
1970 S G - 167 28 233 . 3%  -- 77 64 31 338 24
1971 72 - - 154 23 1 135 - 46 64 31 314 29
1972 54 - 1 165 34 242 106 - %12 56 66 5306 339
1973 266 — 14 146 24 21 161 -~ 27 62 31 403 %30
1974 1,002 — 12 76 22 165 267 -~ %13 68 31 434 539
1975 1,255 — 16 163 23 194 214  -- 130 76 29 350 %32
1976% 1,068 -~ 105 160 22 616 188 —- 173 87 25 532 85

Mncludes Danish seine, side trawl, and stern trawl.

2Shrimp f£ishing.

No data are available on the number of vessels that fished for shrimp. Data
regarding the number of vessels fishing for herring were available only for the
herring fishing season (approximately 1 May to 30 April of the following year);
therefore, the gill net and purse seine data given here for calendar years actually
are for fishing seasons, e.g., data for 1969 are for the period 4 May 1969 through 2
May 1970. Ko record was kept of the number of vessels that fished for herring with
gill nets prior to 1969. Some vessels that trawled for groundfish also fished for
herring. Vessels fishing with longlines took halibut; no data are available on
numb:t of longline, handline, or troll vessels that fished for species other than
hali ut.

“Includes about 25 vessels which fished only for species other tham halibut in
1971 and 1972, an unknowvn number im 1973, 11 in 1974, 5 in 1975, and 415 in 1976.

*Number of Alaska based vessels unknown.

®An additional 543 United States vessels were engaged in the northeast Pacific
fisheries using other gear or unclassified gear.
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The Japanese fishery for groundfish in the Bering Sea developed over
many years of fishing and in recent years had four principal components:
the mother ship fishery, the North Pacific trawl fishery, the North Pacific
longline-gill net fishery, and the land-based trawl fishery (Bakkala et al.
1979). These fisheries contributed 64, 31, 0.3, and 5%, respectively, to
the Japanese catch from the Bering Sea in 1971-76. '

Mother ship fishery.--This fishery consists of freezing fleets, meal
and minced fish fleets, and longline-gill net fleets. Catcher boats are
pair trawlers, Danish seiners, stern trawlers, and longline gill-netters;
pair trawlers are the mainstay of the fleet. The number of mother ship
fleets and the number of catcher boats attached to them are given in Table

21 for 1952-76. Characteristics of catcher boats and trawl gear are given
in Table 22. :

‘Table 21.--Fleet of the Japanese mother ship fishery, 1952-76
(International North Pacific Fisheries Commission 1979).!

Year Number of mother ships Number of fishing vessels?
1952 3 57
1953 3 105
1954 7 205
1955 , 14 406
1956 16 506
1957 16 461
1958 . 16 ' 460
1959 16 460
1960 12 410
1961 12 410
1962 ' 11 369
1963 11 366
1964 ' 11 379
1965 : 11 369
1966 11 ' 369
1967 11 : _ 369
1968 11 369
1969 o 11 369
1970 11 369
. 1971 : 11 369
1972 10 332
1973 10 332
1974 10 . 332
1975 10 332
1976 10 - : 332

1Source: Fisheries Agency of Japan.
?Includes scouting boats.
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North Pacific trawl fishery.--This fishery consists of factory stern
trawlers, which are usually larger than 500 GT and operate independently;
these vessels fish and process their catch. Products, which consist of
minced fish, frozen fish, and fish meal, are transferred to refrigerated
trangsport vessels which carry them to Japan. Size of vessels and gear
characteristics are given in Table 22. The main target of these trawlers
is pollock in the eastern Bering Sea; Pacific cod and flounders are also
caught in the trawl. In the Aleutian Islands region, target species are
Pacific ocean perch and other rockfish, and smaller amounts of pollock and
various groundfish constitute the remainder of the catch. There were 35-37
vessels licenmsed to operate in this fishery in recent years (Table 23),

Land-based trawl fishery.--The vessels in this fishery are essentially

independent trawlers and are prohibited by Japanese regulations from trans-.

shipping their catch to cargo vessels. All vessels return to Japan after
catching a full load. The target species are mainly flounder, pollock, and
rattails. The gear used was mainly Danish seines; however, in recent years,
the stern trawl has dominated. In 1969-76, 182 vessels operated in this
fishery; however, the number declined to 143 in 1977 and to 75 in 1978

(Table 23). The catches include chiefly flounder, Pacific ocean perch, and
black cod (Forrester et al. 1978).

The Soviet trawl fishery harvests a substantial part of its total
catch from the Bering Sea and off the United States Pacific coast. Fishing
of f Alaska initially in 1959, the Soviet fleet expanded into the Gulf of
Alaska and along the Aleutian Islands then moved into waters along the
Alaska coastline. By 1966, they had fleets fishing off Oregon and Wash-
ington and subsequently expanded farther into waters off British Columbia
and California (Pruter 1976). The Soviets are now engaged in joint venture
operations (D. L. Alverson, pers. commun., 26 November 1984).

Like the Japanese, the Soviets employ the mother ships and independent
factory trawlers that catch and process their own catches (Bakkala et al.
1979). This fleet concept is carried one step further in the Soviet opera-
tion, that is, the support vessels include base ships to carry administra-
tors, staff, and to provide logistic support; factory ships to process
catches; refrigerator tramsports to replenish stores and receive, freeze,
and transport catches to port; oil tankers, passenger ships, tugs, patrol
vessels, and at times hospital ships. The number of side and factory stern
trawlers operating in waters off Washington, Oregon, and California in
1966-77, and off Alaska in 1963-74 is given in Tables 24 and 25,
respectively. The basic types of Soviet trawlers used in the groundfish
fisheries off Alaska are given in Table 26. The size of BMRT's (large
freezer trawlers) and the dimensions of their trawls used to harvest wall-
eye pollock and Atka mackerel are given in Table 27.

Trawlers of the Republic of Korea first entered the fisheries for
Alaskan groundfish in 1967. Korean stern trawlers, similar in size and
design to Japanese ones, target on pollock. Vessel size and fishing gear
dimensions, shown in Table 28, are probably representative of the Korean

traw; fleet operating in the North Pacific trawl fishery (Bakkala et al.
1979).

[
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Table 23.-~The number of fleets in the Japanese mother ship
fishery and the number of vessels in the Japanese North Pacific
trawl fishery, North Pacific longline-gill net fishery, and land-
based trawl fishery, 1954-78 (Nelson et al. 1981). Source: '
Pereyra, W. T., J. E. Reeves, and R.- G. Bakkala (principal
investigators). 1976. Demersal fish and shellfish resources of
the eastern Bering Sea in the baseline year 1976. Processed rep.
619 p. Northwest and Alaska Fisheries Center, Natl. Mar. Fish.
Serv., NOAA, 2725 Montlake Blvd., E., Seattle, WA 98112; Sasaki,
R. 1977. Outline of the Japanese groundfish fishery in the Bering
Sea, 1976 (November 1975-October 1976). Unpubl. manuscr., 11 p.,
Fisheries Agency of Japan, Far Seas Fish. Res. Lab., Shimizu 424,
Japan; National Marine Fisheries Service data on file at Law
Enforcement Division, Alaska Regional Office, Natl. Mar. Fish.
Serv., NOAA, P, 0, Box 1668, Juneau, AK 99802,

Mother ship fleets Independent vessels
v : North
Meal North Pacific Land~-
and Longline Pacific 1longline based
Freezing minced gill net trawl gill net trawl
Year fleet fleet fleet Total fishery fishery fishery
1954 2 -— - 2 2 - -
1955 2 - - 2 3 - -
1956 4 - - 4 1 - -
1957 4 - - 4 - - -
1958 2 1 1 4 - — -
1959 4 1 1 6 2 - -
1960 4 5 4 13 - - -
1961 13 5 14 32 3 - 54
1962 11 5 5 21 2 - 70
1963 10 2 5 17 2 - 93
1964 6 4 2 12 2 - 103
1965 6 4 2 12 2 - 126
1966 8 4 1 13 2 - 172
1967 7 5 2 14 42 22 173
1968 6 5 1 12 42 22 184 ;
1969 5 5 1 11 42 21 182 : ;
1970 3 6 1 10 42 22 182 3
1971 5 6 1 : 12 42 22 182
1972 4 6 - 10 68 33 182 |
1973 4 6 - 10 42 26 182 :
1974 4 6 - 10 - 42 30 182
1975 3 5 -- 8 35 27 182
1976 3 5 - 8 57 32 182
1977 1 5 - 6 51 23 143
1978 1 5 - 6 54 22 75
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Table 24.--Number and equivalent gross registered tonnage of
different Soviet catcher vessels sighted off Washington, Oregon,
and California, 1966-75. Sightings were by National Marine
Fisheries Service personnel and do not include repeated sight-
ings of the same vessels (Pruter 1976).

Factory
Side trawlers stern trawlers Equivalent
. gross tons, e

Year SRT SRTR SRTM Total BMRT RTM Total all classes o
1966 149 9 13 171 39 - 39 177,000

1967 - —_— - 1126 48 - 48 ?

1968 24 - 14 38 56 - 56 194,000

1969 12 - 6 18 44 - 44 147,000

1970 -— - 8 8 55 - 55 180,000

1971 - - 6 6 64 - 64 207,000

1972 2 — 3 5 42 2 44 141,000

1973 12 - 8 20 51 11 62 200,000

1974 L — - - - 78 16 94 290,000

1975 - - - —-— - 82 15 97 300,000

Not differentiated by class in 1967.

Table 25.--Number and equivalent gross registered tonnage of
different Soviet catcher vessels sighted off Alaska, 1963-74,
Sightings were made by National Marine Fisheries Service person-
nel and do not include repeated sightings of the same vessels.
Observations not extensive enough to provide comparative numbers
in 1959-62 and unavailable for 1975 (Pruter 1976).

Factory
Side trawlers stern trawlers Equivalent
- gross tons,
Year SRT SRTR SRTM SRTK Total BMRT RTM Total all classes
1963 155 7 - - 162 10 1 11 79,000 :
1964 237 9 12 - 258 28 1 29 167,000 ’
1965 330 11 25 - 366 36 3 39 233,000 ’
1966 248 9 44 - 301 42 4 46 245,000
1967 191 7 66 - 264 53 4 57 279,000
1968 97 5 90 -— 192 71 3 74 324,000
1969 66 9 127 - 202 79 6 85 377,000
1970 65 11 144 - 220 97 6 103 447,000
1971 92 7 102 2 203 102 5 107 438,000
1972 111 6 161 7 285 100 11 111 497,000
1973 25 7 155 9 196 105 15 120 498,000
1974 25 7 174 8 214 117 14 131 546,000
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Table 26.--Basic types of fishing vessels employed by the U.S.S.R.
in groundfish fisheries off Alaska (Pruter 1976).

Vessel
type

Gross
tons

Length
(m)

No. in. ,

crew

Descriptive remarks

SRT

SRTR

SRTM

SRTK

BMRT

RTM

265-335

505-630

700

775

3,170

2,657

38

52

54

85

82

22-26

26-28

30

Small side trawler of older
type

Medium side trawler-usually
transships catch to factory
ship but may operate
independently and process and
freeze own catch.

Large side trawler-frequently
operates independent of
factory ships and processes
and freezes own catch.

NRew class of trawler equipped
"with stern ramp for more

efficient trawling.

Factory trawler which normally
processes and freezes own catch.

Newer type of factory trawler
having increased deck area
aft for more efficient
handling of gear and catch.

Table 27.--Size of Soviet (BMRT) factory stern trawlers and trawl
dimensions used by fishing walleye pollock and Atka mackerel as shown
by data of United States observers in 1976 and 1977 (Bakkala et al.

1979).
Typical gear dimensions
Range in vessel size Head Ground Cod end
: rope rope mesh
Target Length Gross length length size
species (m) tons Horsepover (m) (m) (cm) Otter boards
Walleye 78-87 2,657-3,837 2,000-2,320 77.4 77.4 3.0-6.0 Round to oval,
pollack variable in
size 1,600~
1,800 kg.
Atka 78-87 2,581-3,510 2,000 31.0 44.0 3.,0-5.0 Round to oval,
mackerel

1,200 kg.
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Table 28.--Vessel size and fishing gear dimensions of three Republic

of Korea independent stern trawlers boarded by U.S. observers in 1977
(Bakkala et al. 1979).

Gear

Vessels data Ground Otter
Headrope rope Vertical Cod end board
Length Gross Horse No. in length length opening mesh size size

Vessel (m) tons power crew (m) (m) = (m). (cn) (m)
Salvis 84 2,285 3,200 58 59 78 6 10 2.5x3.8
' Shin An Ho 106 5,680 6,000 157 80 75 7 10 3.0x5.0
Beung Yang Ho 104 5,377 5,800 92 74 105 38 10 3.0x4.8

Taiwan trawlers, which first entered the groundfish fishery in 1974
and have numbered only one or two independent stern trawlers, target '
walleye pollock and flounder (Bakkala et al. 1979). The vessels are from _

900 to 1,900 GT and can produce only frozen fish products (Nelson et al.
1981). ‘

e,

PR —

The size and type of trawls used by the foreign fleet in the eastern
Bering Sea, Aleutian Islands region, and the Gulf of Alaska vary consider-
ably; the specifications of the trawl net and otter boards are summarized
in Tables 29 and 30. ‘

Canadian trawlers participating in the fishery for groundfish in the
North Pacific average 60 GT and range between 3 and 265 GT. In 1968-70,
the fleet consisted of 65-73 vessels of which roughly 602 fish at least 6
months of the year (Table 31). The vessels are essentially the U.S.
Pacific coast seiner type crewed by 2-5 men. Catches are hauled aboard the
vessels by means of winches, booms, and net reels. Details of the types of
net and otter boards used are given in Table 31 (Forester et al. 1978).

United States trawlers in the North Pacific groundfish fishery are
essentially similar to the Canadian vessels and totaled 225 in 1970. Table
32 shows the number of trawlers operating in the fishery in 1969-70, by
tonnage class and the most common types of trawl gear used (Forrester et .
al. 1978). The number of U.S. trawlers has increased in recent years (D. !
L. Alverson, pers. commun., 26 November 1984).

Miscellaneous Net Fisheries

There are a number of other miscellaneous fisheries which rely on nets !
although the intensity with which this gear is employed is not as great as

that in the major net fisheries. Included are the set net, haul seine, and :
lift net fisheries. i

The set net is actually a passive gear which is set in coastal waters |
to guide migrating fish, or those swept by currents, to follow a "lead" i
into one or more enclosures from which they have difficulty escaping. The :
haul seine, which includes the beach seine and boat seine, is set in the’

1 wt———r st
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, Table 3l.--Size distribution (gross tons) of vessels engaged in
the Canadian Pacific coast trawl fishery and average type of
gear used, 1968-70 (Forrester et al. 1978), Source: Fisheries
Research Board of Canada.. ‘

Year and number of vessels

Tonnage class 1968 1969 . 1970

Ail vessels

3-24 12 13 11 |
25-49 27 26 20
50-74 18 17 19
75-99 7 6 5
100-124 6 4 3
125-195 3 5 5
265 0 1 1
Total vessels ‘ 73 72 64
Average gross ton 55.1 59.3 60.9

Vessels fishing 6 months
or longer in each year

12-24 3 4 4

25-49 17 13 14

50-74 17 16 11

75-99 4 4 4

100-124 4 3 1

125-195 2 2 3

Total vessels | 47 | 42 38
Average gross tons 59.7 61.2 60.0

Average headrope length: 21.9 m.
Average ground rope length: 28.7 m.

Mesh size in intermediate and cod end: 112 mm.
Otter board size: 2.2 x 1.2 m.

Otter board weight: 325 kg.
- Otter board type: steel or wood and steel.
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Table 32.--Size distribution (gross tons) of vessels engaged in the United
States Pacific coast trawl fishery and average type of gear used, 1969-70
(Forrester et al. 1978). )

Year and number
Tonnage class 1969 - 1970
<24 32 ' 37
25-49 103 109
50-74 46 42
75-99 . 19 18
100-124 13 o 12
125-195 4 6
200-224 : 0 0
Stern ramp trawler : | . 1
TorarL 218 225
Average gross tons
(excluding stern ramp trawler) 50.6 499 -
Specifications for the most common types of trawl gear used are as follows:

) 350-400 Eastern 350 Groton
Heaororx Lxnoti 58-71 ft (17.7-21.7 m) 65 ft (19.8 m)
Grounprore LenoTn 81-94 ft (24.7-28.7 m) 95 ft (29.0 m)
Mesu Size

Intermediate and forward ‘ 3.0-5.0 in (76.2-127.0 mm) ’ 4.5 in (114.3 mm)

Codend 3.5-5.0 in (88.9-127.0 mm) 4.5 in (114.3 mm)

Size ‘ 7.0x4.0 ft (2.1 1.2 m) |

Weight 760 1b (344.7 kg)

Source: Washington State Department of Fisheries, Fish Commission of Oregon, and California Department of Fish and Game.

vicinity of known concentrations of fish, then hauled either by hand,
machine power, or boats to herd the fish into the bag. In lift net fish-
ing, the entire gear is submerged and kept there until a school of fish,
lured to the net either by chumming or a light, is sufficiently concen-
trated. The net is then hauled quickly to entrap the fish in the bag.

Set Net Fisheries

In countries like Japan, where fish are known to migrate along the
coast, conditions are very favorable for set net or fixed net fisheries.
In areas where set net fisheries have developed, coastal currents are
usually moderate, the coastline is uneven and interrupted by numerous bays, :
and weather conditions are ideal (Nomura and Yamazaki 1975). Exceptions i

are in places like Hokkaido where winter conditions can severely limit }
fishing. : :

PR ——
H

Of the three types of set nets formerly used in Japan, the "otoshi
ami" is the only ome remaining and can be found in major bays along the

Japanese coast including Sagami Bay, Kamano Bay, Tosa Bay, Toyama Bay, and i
Wakasa Bay. '

The Japanese classify set nets as large, medium, and small. Exam?les
of large set nets can be found in Mie Prefecture where they are fixed in
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water depths of about 30 m over mud and mud-sand bottom to catch yellow-
tail, tuna, sardine, mackerel, horse mackerel, and other coastal species.

The Japanese coastal fishery for salmon, which operates mostly in the
Sea of Japan and along the eastern and western coasts of the northern half
of Japan, also relies heavily on set nets in the nearshore areas. Most
vessels make short l-day trips in territorial waters. A few, however, make
2-3 day trips. 1In 1967-79, the set net produced about 26% of the total
Japanese salmon catch.

The "otoshi ami"” used in the salmon fishery consists of a leader net
and a main net which has three components--the playground net, the funnel,
and the trap net, which can be attached on either one or both sides.

Although the upper margins of the nets are fixed to be at sea surface,
there has been a trend in recent years to set the net in deep waters of
50-60 m with the upper margins reaching only to the midlayers in the water
column. This move toward deepwater sets was prompted by severe winter
conditions, particularly around Hokkaido where bad weather severely

restricts fishing (Yamaha 1980). These deepwater sets have produced higher
catch rates than surface sets.

Among set nets of medium size is the sardinme trap net. This net has
an ascending portion, a trapping portion, and a fence net. Set 1.8-3.7 km
from shore, the net measures 120 m long by 80 m wide and varies in depth -
from 20 to 40 m. The pocket is 18 m long and 50 m wide. Operation of the
net requires three boats--one to raise the bag net entrance and the others
to lift the entire remainder of the net. Fished mainly in spring and
summer, these nets capture sardine as well as mackerel, horse mackerel,

squid, and other species. These nets are fished along the Pacific and Sea
of Japan coasts of Honshu.

Another set net of medium size is the herring trap net, used mainly
along the coast of Hokkaido. This net usually measures 45 m long and 20 m
wide in the bag net and has a 150 m long leader net. Operated by three
boats, the net is usually fished for only 3 months from March through May.
One boat lifts the net while the others serve as carriers. The target
. species is spawning herring.

A small trap net is operated year round in many small bays along the
Japan coast. Consisting of a main net, leader net, and bag net with flap-
pers, the net is operated by one boat crewed by two to three fishermen.
Species taken usually include sea bream, Spanish mackerel, perch, cuttle-
fish, flatfish, croaker, and squid.

Haul Seine Fisheries

The haul seine is operated on the same principle as the trawl; that
is, the net is dragged along the sea floor or in midwater. Essentially,
the net has long wings which serve as barriers that drive the fish toward

the bag. The top line or upper edge of the net is buoyed with floats
whereas the bottom line, which drags along the sea floor, is weighted with
sinkers. Most nets have pocket bunts similar to the cod end of a trawl.
This pocket usually is made of heavy webbing to hold the.fish. It can be
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centered, in which case the net is symmetrical, or off to one side or
asymmetrical (Torban 1964).

Haul seines vary from small 100 m nets to large 2,000 m ones (KRask
19475 Torban 1964). Depth varies from 10. to as much as 40 m in some
European nets. The cod end or pocket can be 10-12 m long. Meshes in the
wing are graduated from 75 to 15 cm; the meshes near the center are smaller
(1.5 to 2.0 em). The ground lines and float lines are 1.5 cm in dismeter; v ‘
whereas the hauling lines or warps, attached to the wings, are 2.0 cm in f
diameter and about 1,500 m long. The warps serve a dual purpose; in
addition to their use as a hauling line, some fisheries use the warps as
frightening devices by attaching twigs, leaves, or straws to them.

Haul seines such as beach seines can be used in shallow wvater where
fish are known to aggregate. The net is usually set with the aid of a
skiff at the direction of a fishing master. Hauling in the warp and net
can be done by hand but this operation requires considerable labor. Some
European beach seine fisheries now resort to mechanical haulers.

The Hawaiian "hukilau" net is a typical example of a beach seine which
requires many helping hands in hauling. The leaves of the ti plant are
attached to the warp of this net which serves as a scare line. Species

most commonly caught in the hukilau nets are jack, threadfin, bonefish,
milkfish, goatfish, and mullet.

Okinawan fishermen use a variation of the haul seine which is set from |
two boats but also requires many hands. In this method, the haul seine is
set at designated fishing grounds by small fishing boats, then the fisher-
men enter the water and begin hitting the surface with their hands or scare
lines to startle the fish and drive them out from their hiding places
between rocks and within coral heads. Some of the fish, in attempting to
escape, become entangled in the wing net; however, most are driven toward
the bag which is then hauled aboard the boats. Species caught by this
method usually include wrasses, parrotfishes, golden banded fusiliers, and
flyingfishes (Yamaha 1979b). Similar fishing methods are used in the
Philippines where the fishery ranks fifth in terms of commercial fish
production (Encina 1982). The major species caught are Caesio SPP.»
parrotfish, snapper, siganids, and nemipterids.

The Japanese have a form of net fishing called boat seining in which
fish are caught by filtering midlayer waters with a net. The gear used in
this type of fishing is different from that used in bottom trawling opera-
tions, and the target species differ (Yamaha 1983a).

Boat seining requires the following:

0o Wing net.--Section of the net used to intimidate the fish and
promote school formation.

© Main net.--This section prevents fish from escaping while guiding ?
them into the bag area. '
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o Bag net.--This section holds the fish.
o Tow rope.--Rope used by the boat to tow or hold the net.

One type of boat seine ("patchi ami") in Japan is the largest net used
in any of the boat seine fisheries, requiring two boats of up to 20 gross
tons to tow it (Yamaha 1983a). Based on 1983 data, there are about 700
groups operating out of central and southern regions of Japan's Pacific
coast. Target species for this fishery are sardine, anchovy (adults and

fry), sand lance, and cuttlefish; however, sardine and anchovy predominate
in the catch.

In "patchi ami" seining, the two boats are tied together at the bow
and share the load of the net as they head toward the fishing grounds.
After a school is located by a fish-finder on a search boat, the two boats
are positioned up current from the school then advancing with their bows
still joined, they lay out the buoys and then the bag net into the water.
At this point, the two vessels separate and head off in opposite directions
at full speed, laying out the main net and wing net as they steam along.
When the entire net is set, the two boats turn 90° and run parallel to each
other in the direction of the school, laying out sufficient tow rope to
bring the mouth of the net to about the same depth as the fish school.

When the net is finally positioned at the proper depth, towing begins.

In retrieving the net, the two boats come together and are again
secured at the bow. Net haulers commence the retrieval onto large drums or
reels mounted on the deck; however, the main net is hauled in by hand.

Then the bag net is brought up to the surface, a transport boat is called
up to the stern of the two net boats, and picks up the buoy, buoy line, and

the bag net. Net specifications for this fishery are given in Tables 33
and 34,

Another type of boat seining called "gochi ami" (type B) in Japan, can
be either a omne~ or two-boat operation. The net, which has a high ratio of
shrinkage in the center section, expands into a large bag when placed
across a current or towed (Yamaha 1983a). This net is ideal for towing
alongside reefs or near the sea bottom; thus it can be used in places such
as rough or rocky bottom where a standard bottom trawl cannot be used. It
is highly effective in fishing for red sea bream, threeline grunt, silver
whiting, lizardfish, barracuda, and porgy.

One-boat operations usually harvest small fish, whereas two-boat
groups target large fish. The specifications of the net in a one-boat
operation are presented in Table 35.

Lift Net Fisheries

Three typical examples of 1ift nets are the basnig (bag net) used in
the Philippines, the conical type such as that used in the Hawaiian opelu
(Decapterus spp.) fishery, and the stick held net used in Japan.

The main characteristic of this fishing method is that the net remains
submerged until ready to be hauled up vertically and at least partially out
of the water to catch fish, which congregate above it (Ben-Yami 1976).
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Table 33.--Specifications for a Type A boat seine
("patchi ami") (Yamaha 1983a).

Name of parts Mark Material . Thickness Mesh size Quantity
Wing net a Polyvinyl alcohol 11 mm 240 cm 2
Main net b 8 mm 120 em 2
c Polyvinyl alcohol 7 mm 60 cm 2
d 6 mm 30 cm 2
Mouth of .
bag net e Polyvinyl alcohol 6 mm 24 cm 2
Bag net b 0.5 mm 2
g : No. & ~ (Japanese 2
h Nylon (0.329 mm) minnow 2
i x 4 yarns net-105 2
3 ‘ yarns per 2
k 50 cm) 2
Trap (inside
of bag net) 1 Nylon * 0.5 mm 2
Sale rope m Polyvinyl alcohol 18 mm - 2
' n (diameter) 2
Head rope o Polyvinyl alcohol 18 mm - 2
P : (diameter) 2

Table 34.--Differences in specifications of Type A boat seine ("patchi
ami”), by area, type of operation, and species targeted (Yamaha 1983a).

Head Bag
Tope . net
length height
Area Type Main catch (m) (w)
Fukuoka, Nishiura Two-boat operation Red sea bream, etc. 45 20.2

Fukuoka, Fukuyoshi Two-boat operation Grunt and red sea bream 38.4-40.5 30

Saga, Tobo Two-boat operation Grunt and red sea bream 38.4-40.5 45

Saga, Tobo One-boat operation Sillaginoid and barracuda 27 18

Kagasaki, Aou ‘ - Red sea bream and grunt 22,5 15
) Red sea bream lizardfish

and barracuda 22,5 15

Lizardfish and barracuda 18 6-6.5
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Table 35.--Specifications for a type B boat seine
("gochi ami") (Yamaha 1983a).

Standard
Fo. Mesh No. of meshes
of - size Ro. of
Mark Name Material yarns (mm) Width length sheets
A Wing net Nylon 36 61 4 4,5 2
B Wing net Nylon 6 43 100 5.7 2
C  Ving net : Nylon 6 43 50 7.2 2
D Wing net Nylon 6 43 100 7.2 2
E Upper salvage Polyvinyl alcohol 30 43 5-10 600 1
F  Bottom salvage Polyvinyl alcohol 40 50 5~10 600 1
G .The side of bag net Nylon 6 43 100 800 2
B The bottom of bag net Polyvinyl alcohol 8 38 150 250 1
I  Shirk net Nylon. 12 43 50 7.2 2
J Upper triangle Polyvinyl alcohol 30 43 25 25 2
Lower triangle Polyvinyl alcohol 40 50 20 20 2

Most lift net fishing is done with attracting lights, although the Hawaiian
opelu net is used in conjunction with chumming.

The 1lift net is best for catching fish that form dense and compact
aggregations. In the Philippines, the basnig is operated with a night
light during the dark phase of the moon (Encina 1982). The gear consists

of a pair of bamboo rafts, dugout, poles or booms, and a large net somewhat
like an inverted mosquito net.

Improvements in the gear after World War II included larger boats pro-
pelled by marine diesel engines. To increase lighting power and thus

attract more fish, high candlepower lamps or generators were used (Encina
1982).

In 1980, the basnig fishery contributed 106,194 MT of fish or roughly
21.7% of the total commercial fish production. The fleet consisted of 624
units or 26% of the total commercial vessels operating. Species targeted
by the basnig fishery include round scad, anchovy, sardine, and slipmouth
(BFAR 1975; Encina 1982)., Table 36 gives the specifications and oo
configurations of the net.

The Japanese stick-held lift net is used principally in the saury and i
mackerel fisheries in which the vessels have a large battery of lights. |
These lights can be classified into fish searching lights, fish gathering
lights, and fish leading lights. The first step involves the use of
searchlights to search for fish schools. The net, which is suspended from
outrigger bamboo poles or booms and hauled toward the vessel when retriev-
ing, is set after a school is located and the fish gathering lamps are
turned on to attract the fish to the boat. A red, fish leading lamp with
adjustable light intensity concentrates the school over the net (Nomura and
Yamazaki 1975). This method of fishing has an advantage in that the net
cannot only be adjusted to a specific light attraction system, but also
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Table 36.~-Specifications for a Philippine basnig (Food and
Agricult;ure Organization of the United Nations 1965).

Data Sheet FAO No. 50!
NAME OF CEAR: Basnig (Bagnet) Main species caupht: Sardines, Mackerel, Vessels Launch
TYPE: One-boat 1ift net Round Scad LO.A: 26 m (88 f)
COURTRY: Philippines Fishing conditions:  Depth: 10 - 30 fm Gross tonnage: 75
Sandy, muddy bottom. Calm to
LOCALITY: Visaysn Sea and Vicinity .“,ony‘ breez:, current 1 « 2 knote  MOrSepowss: 310
REFERENCE: Philippine Journal of Duration of operation:' 1/2 to Crow: 28
Fisheries, Vol. 3, No. 1 ° 1 1/2 hours. Fish attracted by
See also Modern Fishing Geﬁg".‘ éﬁ “Vorid electric lights above surface,
®
WEBBING A B c D ° E i F G 4
Materis) Cotton
Typs of koot ==
Presarvation C
Colosr
Twisesize T | 300 300
Breaking &g
streagth .
Stetched  mm.
esh 20 40
Upper edge 1500 2500 1500 750 [ 6 150
Lower edge 1500 2500 1500 750 [ 6 150
Depth 500 2000 500 [ 1000 1000 6
Baiting rate ald p allp | allp allp all m all m all p
Take-up " |D:A=1:2 [E:Bs1:2 {F:B=):2| GiCal:2
Seifedpe
Hanging 0.5 0.5 | o5 0.5
m 15730 20/40 ["20740 15/30
LINES, ROPES a 13 < d 3, b, €, 4, .
Waterial Cotton Abaca
Preservation c o
s e, | 214 518 21/4
Diametesr  ®0- n s 18
Breaking kg
stiength .
Construction S
Ly M
Loegty . 15 20 20 18 15.6 | 20.8 20.8 15.6 ss
(1)
FLOATS,
SINKERS Accessories:
Number 12 Electric generator 1 x25 kva
Materiat Lead Electric lamps 20 x 1 Kw
Shape
.. 89
Siomster 113172
saf 102
Loh s
Static kg. 6.8
bwoyancy -
Veight (TR
ia air i,
Veight kg
submesged 1D, '

SR

;
|
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can be used to corral the fish between the net and the vessel's hull, thus
reducing the chances of escape (Ben-Yami 1976).

ESTIMATES OF THE AMOUNT OF NET GEAR
AVAILABLE FOR USE

The preceding sections demonstrated the diverse nature of net gear in
use in the North Pacific, even within the same fisheries. Gill nets,
trawls, and purse seine vary greatly in construction and design that it is
almost impossible to designate one type as being typical for a particular
fishery. For example, gill nets vary widely in length, mesh size, hanging
‘ratio, thread size, and color so that there is no "typical"” gill net for
any one species. Likewise, trawls and purse seines vary considerably in
size, webbing, meshes, and configuration. This variation in gear results
from many factors, among them being fishermen or net manufacturer's prefer-

ence, the behavior and life stages of the species sought, and regulations
adopted for the fisheries.

Although there is wide variation in gear, what is of interest is a
perspective of how much net gear is actually available to any given fishery.
This estimate should provide an idea on the extent to which derelict fishing
gear can become a component of the marine debris in the North Pacific. The
estimates of available gear in the major net fisheries are first-order
approximations based on data presently available.

Estimates of the amount of net gear available for use in the North
Pacific are given in Table 37. It should be pointed out that because the
data contained in Table 37 represent mostly major or large fisheries, the

estimates are minimums. Many small, coastal fisheries have not been con-
sidered in the computation.

It can be seen in Table 37 that the amount of gill net used in the
North Pacific far outstrips that of purse seines, trawls, and miscellaneous
gear such as boat seines, set nets, and lift nets. Nearly 3.5 million
units (shackles, Japanese tan, etc.) of gill net are available to the major
fisheries. Strung end to end, these nets would stretch over 170,000 km, a
distance 4.2 times the length of the Earth's Equator.

SPECULATION ON GEAR LOSSES

Because gear losses are never reported, it is not possible to estimate
the extent to which they occur in any fishery. There is no doubt, however,
that within the past two decades, fishing pressure on all the fishery
stocks in the world's oceans has increased dramatically, and with it there
has been a concomitant increase in the amount of fishing-related debris
dumped into the sea (Wehle and Coleman 1983). Furthermore, the kinds of
debris and derelict fishing gear finding their way into the ocean has
changed. Whereas fishing nets manufactured before the "synthetic boom"
wvere made of natural fibers and, therefore, were degradable within a rela-
tively short period when they became derelict, the synthetic nets, ropes,
and lines of the past three decades, when lost, were more buoyant, longer
lived, and in some cases nearly invisible under water. The result of this
change in fibers used for netting and lines has meant an increase in
mortality of not only marine animals but also marine organisms. Unlike
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working nets, which are set and retrieved within a specific time period,
the free-floating derelict net, often broken into large and small frag-
ments, fishes indefinitely, thus representing miles of entanglement for
fish, crustaceans, molluscs, marine mammals, turtles, and seabirds.

Of the various net gears reviewed, the gill net is perhaps the most
likely to become lost or damaged and discarded during fishing operations.
In the Icelandic cod fishery, for example, each gill-netter fishes about
100 nets per day. These nets last only a few weeks and each boat can use
up to 400 nets in a 4-month season (Frechet 1964). Although bad weather is
probably responsible for some of the nets lost or damaged, heavy fishing

and shark damage also accourt for a good proportion of the nets being lost
or discarded.

One study conducted by High (1981) demonstrated that derelict gill
nets have the potential for causing major fish losses. Visits to sites
where sunken derelict gill nets were found showed that they remained intact
and continued to capture fish for more than 2 years. Living and dead fish

of several species and numerous crabs were always present in one of the
nets that covered about 186 m? (2,000 ft2).

The ubiquitous gill net is without doubt the gear most disliked by the
nongill net segment of the fishing industry, yet it provides support for
many fishermen throughout the world. And although it is true that "gearing
up"” with gill nets to participate in a fishery does not require the kind of
capital investment needed to enter a purse seine or trawl fishery, gill-~
netters, nevertheless, do encounter high losses in gear as well as in
catches. For example, marine mammals have been accused of 'gnawing a siz-
able gash”" in the catches of commercial fishermen (Pleschner 1983). It has
been estimated that seals alone cause losses totaling at least US$10,000
per boat per year.

In the purse seine and boat seine fishery, one can hardly expect gear
losses to be high, because the operation requires that at least one end of
the net be secured to the vessel at all times; however, it is possible for
nets to become entangled on rocky bottom or coral if sets are made in
shallow water. Net damage is also likely to occur if large predators, for
example, sharks are caught together with small target species.

Trawls, like gill nets, can be easily lost should they become "hung
up” on the bottom during trawling operations. Also, bottom trawls are
highly susceptible to damage when being hauled over rough bottom. Loss and
damage to trawl gear are probably highest during and immediately after the

exploratory fishing phase when grounds are still unfamiliar to the trawl
flshermen. .

Among the miscellaneous gear, the lift net is unlikely to be lost
since almost all operations are conducted over still, quiet waters, More-
over, the nets are attached to lines which are run to outriggers or bamboo
poles that are secured to the fishing vessels. Fishing operations can be
halted at any time and the net removed from the water should it become
necessary to do so during sudden storms and changes in sea conditions.
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The set net, on the other hand, can be subjected to severe damage or
lost entirely, because for much of the time that the net is in the water,
it is unattended. Although most set nets are strategically placed in
locations where weather and sea conditions are not expected to be adverse,
sudden storms and the resulting heavy seas could generate currents strong
enough to break the mooring or anchor lines attached to the set nets,
thereby setting them adrift to become components of marine debris.

SUMMARY

The major net fisheries of the North Pacific are reviewed to develop
some perspective of the amount of gear available to them for fishing. For
the 15 major gill net fisheries in the North Pacific, it was estimated that
roughly 170,000 km of netting were available to them for fishing. For the
10 purse seine fisheries, the netting available was estimated to be a
little over 2,000 km, whereas for 12 trawl fisheries the estimate reached
5,500 km.

Among the various net gear discussed, it was speculated that gear
losses were highest in the gill net fisheries, followed by the trawl fish-
eries and set net fisheries. Because modern net gear is fabricated predom-
inantly with synthetic webbing, and therefore, nondegradable, derelict
netting remains a part of the marine debris indefinitely thus threatening
air-breathing animals as well as fish, crustaceans, and molluscs in the
marine enviromment. ’
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Appendix Table 1.--English and scientific names of fishes, molluscs, and
crustaceans mentioned in this report.

English name

Scientific name

Abalone
Albacore
Anchovy

Angel shark
Ark shell

Atka mackerel
Barracuda
Bastard halibut
Bigeye

Bigege scad
Billfish

Black porgy
Bluefin tuna (northerm)
Bonefish

" Bonito

Bream

Chinese herring
Chinook salmon
Chub mackerel
Chum salmon
Clam

Cod

Coho salmon
Crab

Crawfish
Croaker
Cutlassfish
Cuttlefish
Dorado

Drum

Dungeness crab
Filefish
Flatfish
Flounder
Flyingfish
Frigate tuna
Gizzard shad
Goatfish

Golden banded fusilier
Greenland turbot
Grunt

Haddock
Hairtail
Halibut
Harvestfish

Haliotidae
Thunnus alalunga
Engraulidae
Squatinidae
Arcidae

Pleurogrammas monopterygius
Sphyraena sp.
Paralichthys olivaceus

Priacanthus macracanthus

Selar crumenophthalmus
Istiophoridae

Acanthopagrus latus, A. cuvieri
Thunnus thynnus

Albula vulpes

Sarda sp.

Sparidae

Ilisha elongata ,
Oncorhynchus tshawytscha

Rastrelliger spp.
Oncorhynchus keta _

Pelecypoda

Gadidae

Oncorhynchus kisutch
Brachyura

Macrura

Sciaenidae
Trichiuridae
Sepioidea

Coryphaena spp.
Sciaenidae

Cancer magister

Navodon septentrionalis, S. modestus

Pleuronectiformes
Pleuronectidae
Excoetidae

Auxis thazard
Dorosomidae

Mullidae

Caesio chrysozona
Reinhardtius hippoglossoides
Pomadasyidae
Melanogrammus aeglifinus
Trichiurus haumela
Pleuronectidae
Stromateoides nazawae

r=
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English name

Scientific name

Hemiramph

Herring

Horse mackerel
Indo-Pacific mackerel
Jack

Jack mackerel
Jewfish

King crab

Large yellow croaker
Laver

Lizardfish

Mackerel

Mackerel scad
Mahimahi

Marusoda

Menhaden

Milkfish

Mullet

Nenipterid

Octopus

Opelu

Oyster

Pacific round herring
Parrotfish

Paste shrimp

Perch

Pink salmon

Pomfret

Porgy

Prawn

Purple pike conger
Red sea bream
Red squid

Ray

Round herring
Round scad
Sailfin sandfish
Salmon

Sand lance
Sardine

Saury (Pacifie)
Scallop

Sea bass

Sea bream

Sea cucumber

Sea mussgel

Hemiramphidae
Clupeidae

Trachurus japonicus
Rastrelliger sp.
Carangidae

Engraulis japonica
Epinephelidae
Paralithodes camtschatica
Pseudosciaena crocea
Rhodophyceae

Saurida spp.
Scombridae, Carangidae

Decapterus macarellus
Coryphaena hippurus

Auxis rochei

Brevoortia spp.

Chanos chanos

Mugilidae

Nemipteridae

Octopodidae

Decapterus SpPPpP.

Ostreidae

Etrumeus teres

Scarus spp.

Acetes chinensis, A. japonicus
Embiotocidae :
Onchorhynchus gorbuscha
Stromateidae '

Sparus sp.

Pandalus platyceros, Penaeus
orientalis, P, chinensis
—===2%a:18, 1. chinensis

Muraenesox cinereus
—=19Enesox cinereusg

Chrysophrys major
Ommastrephes bartramii
Rajida sp.

Dussumieria acuta
Decapterus maruadsi
Arctoscopus japonicus

Salmonidae
Ammodytes personatus
Clupeidae

Cololabis saira
Pectinidae
Serranidae

Sparidae
Holothuroidea
Mytilidae
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English name

Scientific name

Sea sheat

Sea slug

Sea urchin

Shad

Shark

Shrimp

Siganids
Sillaginoid
Silver whiting
Skipjack tuna
Slipmouth

Small yellow croaker
Snapper

Sockeye salmon
Sole

Spanish mackerel (Japanese)
Spiny lobster
Squid
Steelhead trout
Swimming crab
Swordfish
Thornyhead
Threadfin
Threadfin bream
Threeline grunt
Thresher shark
Trout

Tuna

White seabass
Wrass
Yellowfin tuna
Yellowtail

Plotosus anguillaris
Nudibranchia
Echinoidea
Dorosomidae
Chondrichthyes
Macrura

Siganidae
Sillaginidae

Silago spp.

Kat suwonus pelamis

Leiognathidae
Pseudosciaena polyactis
Lutjanidae
Oncorhynchus nerka
Pleuronectidae

Scomberomorus niphonius
Palinuridae
Teuthoidea

Salmo gairdneri
Portunidae

Xiphias gladius
Scorpaenidae
Polydactylus sexfilis
Nemipterus spp.
Plectorhynchus cinctus
Alopius yulpinus
Salmonidae

Scombridae

Synoscion nobilis
Labridae

Thunnus albacares
Seriola quinqueradiata

o .
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DISTRIBUTION AND MIGRATION OF FLYING SQUID, OMMASTREPHES
BARTRAMI (LESUEUR), IN THE NORTH PACIFIC

- Yeong Gong
National Fisheries Research and Development Agency
Pusan 606, Republic of Korea

ABSTRACT

Mantle length, surface temperature, and catch and effort
data gathered from 1980 to 1983 in the Korean drift gill net
fishery were examined to determine seasonal distribution and

migration of flying squid, Ommastrephes bartrami (LeSueur), in
the North Pacific.

Flying squid was taken by commercial fishing vessels in
waters with surface temperatures ranging from 9° to 22°C. The
best fishing occurred in water temperature of 15°-16°C in May
through July and between 13° and 18°C in August through January.
High densities of flying squid were found in thermal fronts of
18°C in August and 15°C in September. The densities of flying
squid in the western North Pacific were higher thamn in the
central North Pacific. The high densities of flying squid in the
western North Pacific were attributed to the high gradient of
oceanographic properties in the region.

Mantle length measurements of flying squid indicated
dominant modes at 38~39 cm in. the central North Pacific from June
to July and at 30-31 cm in the northwestern Pacific from
September to December.

The migration of flying squid in the North Pacific was
hypothesized from observations of the monthly distributions of
catch per unit effort, mantle length measurements in statistical
blocks, and hydrographic features. Large squid appeared in the
northern central Pacific region earlier than small squid during
the northward migration period (from June to August). The
southward migration from the subarctic frontal zone began in.
autumn, as waters cooled with the development of the Oyashio.
Large squid started its southward migration from more northern
waters than small squid but reached the spawning grounds ahead of
the smaller squid.

In R. S, Shomurs and B. O. Yoshida (editors), Proceedings of the Workshop on the Fate and Impact
of Marine Debris, 26-29 November 1984, Honolulu, Hawaii. U.S. Dep. Commer., NOAA Tech. Memo.
NMFS, NOAA-TM-NMFS-SWFC-54. 1985,
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INTRODUCTION

The flying squid, Ommastrephes bartrami, LeSueur, has worldwide
distribution in subtropical and temperate oceanic waters (Young 1972;
Okutani 1973; Roper et al. 1984). The annual catches of this species in
the North Pacific by Japan, Korea, and Taiwan averaged about 300,000 metric
tons (MT) in recent years. Exploratory fishing in the North Pacific by
Korean drift gill net vessels began in 1979 and by the 1983 season, about
100 vessels were operating in the area. :

Even though there are many reports describing the distribution and
movement of flying squid in the northwestern Pacific, mostly by Japanese
scientists (Murakami 1976 ; Murata et al. 1976, 1981, 1983a, 1983b; Murata
and Ishii 1977; Naito et al. 1977a, 1977b; Murakami et al. 1981; Rubodera
et al. 1983), the reports do not contain information on the seasonal

distribution and migration routes of the 8quid in the central North
Pacific.

This study (1) examines the seasonal distribution and migration of
flying squid in the North Pacific based on density distribution,
oceanographic conditions, and body size composition of squid taken in the
Korean drift gill net fishery from 1980 to 1983 and (2) develops a

migration model of flying squid in the North Pacific Ocean.
MATERIALS AND METHODS

During the 1980-83 fishing seasons, about 207 Korean gill net vessels
operated in the North Pacific. Of this total, 132 vessels provided 871
vessel-month catch and effort data. Vessel sizes ranged from 150 to 500
gross tons (GT), and half of them were in the 200-300 GT range. Each unit
of gill net was 50 m long and 8 m deep (Table 1, Fig. 1), with mesh sizes
ranged from 96 to 115 mm. The average number of gill nets used by one
vessel per day was 200 in 1980 and 540 in 1983 (Table 2).

Annual and monthly catch per unit effort (CPUE) in kilograms per net
were calculated for each statistical block (1° of latitude by 1° of
longitude) corresponding with the format used by the Deep Sea Resources
Research Division of the Korean National Fisheries Research and Development
Agency for recording daily catches. Monthly dorsal mantle length (DML)

Table 1.~-Details of the Korean flying squid gill net (mesh 0.497 mm).

Length of Hanging ratio Depth
Mesh size float line of net .
(zm) - (m) Upper Lower (m) Net
96 50 0.446  0.457 8.79 Nylon monof ilament
) ] 0.497 mme
- 105 50 0.446 0.454 8.74 Do.
110 50 0.459 0.470 12.30 Do.
115 50 0.461 0.471 7.80 Do.
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Table 2.--Annual fishing effort, catch and catch per unit effort in the
Korean flying squid gill net fishery in the North Pacific, 1980-83 by
metric tons (MT) (parentheses indicate number of vessel-months).

Catches by Average No. Average No. Catch per

Ro. of No. of FRo. of No. of sampled of gill nets of gill nets vessel-month  Catch per

vessels vessels days gill net vessels Per vessel- per vessel~ (ton/vessel~ unit net
Year registered sampled fished vnits (M1) month day month) (kg/net)
1980 14 9 (44) 684 139,638 3,017.3 3,173.6 204.1 68.6 21.6
1981 34 9 (73) 1,374 195,060 6,061,.6 5,398.1 286.8 83.0 15.4
1982 60 56 (327) 6,375 2,733,635 21,371.3 8,359.7 428.8 65.1 7.8
1983 99 56 (419) 7,560 4,070,372 27,130,5 9,714,5 538.4 64.8 6,7
Total or
average 207 130 (871) 15,379 7,337,705  57,351.8 8,424.5 477.1 65.8 7.8

compositions were obtained for each 1° of latitude by 5° of longitude
block. '

having both temperature measurement and fishing record. Catch per unit
effort for statistical blocks was plotted together with the surface
thermal structure derived from the NOAA Satellite infrared data from the
northwestern Pacific (Japan Fisheries Information Service Center 1983).

describe the density distribution and migration by size group of flying
squid in the North Pacific.

RESULTS
Distribution of Catch Per Unit Effort

The distribution of annual CPUE (kilograms pef net) by statistical

block (1° of latitude by 1° longitude) for the Korean flying squid gill net

fishery in the Forth Pacific from 1980 to 1983 is showm in Figure 2. The
fishing grounds are found in the region of lat. 30°-45°N and long. 143°E-
180° in 1980 and lat. 34°-46°N and long. 142°E-179°W in 1981. The fishing
grounds expanded to the central North Pacific east of long. 170° and 165°W
in 1982 and 1983, respectively. The number of statistical blocks with high -
CPUE's in the same region west of 180° tended to decrease in succeeding
years from 1981 to 1983. The distribution of monthly CPUE by statistical
block in the 1983 season is shown in Figure 3. The number of blocks having
CPUE's higher than 6 kg/net increased in succeeding months from May to July
in the area lat. 35° to 40°N and long. 150°E to 165°W. In August, the
fishing grounds were formed north of lat. 40°N and the center of the
grounds was farther to the west between long. 150° and 165°E in the
northwestern Pacific. In September, the fishing grounds extended from
Hokkaido to long. 165°E, and the eastern limit of the fishing ground moved
gradually westward in subsequent months through December and January. The
centers of fishing grounds thus tended to shift to the north by 2° or 3° in
succeeding months from May to July in the central North Pacific, then west
to off Hokkaido in August and September, and to south off northern Honshu
in subsequent months through January.
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Monthly catches by 1° of longitude in the 1983 season are shown in
Figure 4. In June and July the peak catch was located in the area east of

long. 170°E, and the peak showed the trend gradually shifting westward from
August to December except for November.

Monthly CPUE by 1° of longitude in the 1983 season is shown in Figure
5. In May CPUE's were high in the region along long. 170°W. In June and
July CPUE's were quite high in the region along long. 170°E. In August,
CPUE's were high in the region west of long. 160°E. From September through
November high CPUE's were found in the area around long. 155°~165°E.
Through the whole fishing season the area west of long. 160°E had slightly
higher CPUE's than the area east of long. 160°E. However, there were no
81gn1f1cant differences by area in d18tt1but1on of CPUE's than there were
in distribution of catches.

Catches Relative to Surface Thermal Structure

Monthly changes in frequency of catch of flying squid and surface
temperature at the locations where Korean gill net vessels operated in the
North Pacific are shown in Figure 6. The range of suyrface temperatures for
commercial fishing of squid was 9°-22°C. The water temperature for the
best fishing ranged from 15° to 16°C in May through July and from 13° to
18°C in August through January. The higher densities of flying squid were
found in thermal fronts along the 18°C isotherm in August and the 15°C
isotherm in September (Fig. 7).

Mantle Length Compositions of Flying Squid

Monthly DML measurements (sexes combined) in the 1983 season (Table 3)
indicate four size groups in the catches: small (<25 cm), medium (27-32
cm), large (35-39 cm), and extra large (>40 cm). The dominant modes were
at 38-39 cm in region C east of long. 170°E from June to July, and at 30-31
em in region A west of long. 140°E from September to December.

The monthly frequency distributions of DML (Fig. 8a) indicate that in
June large squid were present in the area south of lat. 39°N and medium—-
sized squid in the area north of lat. 39°N. From July to September large
squid were found in the northern area while small squid were in the
southern area. Large squid with modal lengths of 40 cm were found at lat.
41°-43°N in October and lat. 39°-40°N in November. The proportion of large
'8quid decreased in the area south of lat. 38°N in December.

Frequency distributions of flying squid by 5° of long1tude in the 1983'
season are shown in Figure 8b. Generally, large squid occurred more
commonly in the eastern areas from May to October, whereas medium-sized

squid were more commonly found in the western region from November to
December.

DISCUSSION
Exploitation of Flying Squid and Fishing Methods

Flying squid have been caught in the North Pacific in the Japanese
squid jigging fishery since 1974 and in the drift gill net fishery since
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Table 3.--Monthly modes of dorsal mantle lengths of both sexes

the North
L = large;

of flying squid from the Korean gill net fishery in
Pacific 1983 fishing season (S = small; M = medium;
LL = extra large squids).

Main
Month/ No. of fishing
year samples Modal length (cm)? area?
s M L LL

May 1983 143 25 29 32 35 38 11 - B,C
June 638 — 28 32 = 39 o= - c
July 698 - == 32 --38-39 12 -- Cc
Aug. 639 25 == 32 35 o= 40 - A,B,C
Sept. 635 -—- == 30 36 -= = -- A
Oct. 718 25 -- 30 35 -= 40 - A
Nov. 590 == 29 31 -= 39 e - A
Dec. 569 - == 31 35 == 40 -- A
Jan., 1984 , 217 22 27 31 -= -=43-45 49 A

Modes 4,847

170°E,

'zNumbers underlined indicate the most dominant mode.

1z = west of long. 160°E; B = long. 160°-170°E; C = east of long.
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